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PREFATORY NOTICE. 


A brief sketch of the measures connected with the con- 
struction of the Electric Telegraph in India will form the 
most appropriate introduction to this “ Manual of Instruc- 
tions.” 

In April ami May, 1830, the first long line of Telegraph 
over constructed in any country was erected by the writer 
of these pages in the vicinity of Calcutta. The line was 
twenty-one miles in length, embracing 7,000 feet of river 
circuit. The experiments performed on this line removed 
all reasonable doubts regarding the practicability of work- 
ing Electric Telegraphs through enormous distances, a 
question then, and far three years later, disputed by high 
authorities, and regarded generally with contemptuous 
scepticism. 

It is never too late to acknowledge un obligation. In 
the experiments then carried on I received the warm aid 
and support of Dr* Wnllioh, then Superintendent of the 
Botanic Gardens of Calcutta, now Vic (3 -President of the 
Hoy ill Society of London. 

One terminus of the line was placed in Ins house, All 
fchn resources of his establishment and library wore held 
at my disposal. lie saw at a glance the marvellous future 
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'which these and simultaneous experiments in other 
countries foretold, and -with his high name ho protected 
the experimentalist from much of tho derision which his 
attempts excited in the community of Calcutta. 

The experiments having been completed, and their re- 
sults published,* the lino was taken ckiwm 

In 1850, a despatch from the Court of Directors to the 
{ i ovi Turnout of India re-callcd attention to the subject. 
Tho Government addressed the Military Board of Bengal, 
and reports were culled for by the Board from Lieut -Col. 
Forbes, of the Engineers, and from myself. 

On those reports, dated December, 1850, being placed 
before Government, an experimental line of telegraph, half 
subterranean, luilf overground, thirty miles in length, was 
directed to bo eons true tech 

Tiiis line was commenced in October, 1851, and opened 
la Diamond Harbour in December of that year. In the 
(ollowing May a branch was led to Moyaporc. In August 
and December it was extended to Kedgeree, 80 miles dis- 
tmiL by tho line followed; and in March, 1852, the rivers 
llooghly and Huldce were crossed, and tho line from Cal- 
cutta to the sea opened for official and public corre- 
spondence, 

Those results, having been duly reported, wore under 
the consideration of tho Supremo Government of India 
when hostilities commenced in Bunnell. The services, of 
the telegraph were thus brought into instant and practical 
requisition, and Us incomparable capabilities tested with 
complete success. The 4t Rattler,” steam-frigate, bringing 
intelligence of the first operations of the war, had not passed 

* Journal of the Asiatic *S ocktij oflhngal, September, 1830, p. 714. 
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the flagstaff of Kedgeree, on tlio 10th of -April, when the 
news of the storming and capture of Ihniffoon was placed 
in the hands of the Governor-General in Calcutta, and 
posted on the gates of the Telegraph Oilier, tor tlic infor- 
mation of the public. 

On the Id th of April, 1852, Lord Dulhotisio, as Governor, 
of Bengal, laid before the Government of India a long and 
deeply-interesting Minute, in which his Lordship proposed 
the construction of lines from Calcutta In Ag’rn, to Bombay, 
to Pcshawur, and Madras ; and (lie deputation of die author 
of this Manual to England, to giye evidence Before tin* Court 
of Pi re dors, nnd assist in the dispatch to India of the re- 
quisite materials and stores. 

I left India on the 3d of Slay, 1852, ami reported my 
arrival at the India House on the 20th of June, On the 
same day T had the gratification to hoar from the Chairman 
of tho Court of Directors, Sir James Weir I logg, that the 
Governor-General's propositions, which arrived vid Mar- 
seilles on tho 14th, had been already round ioned by the 
Court of Directors, nnd approved of by the Board of Con- 
trol, and that a despatch from the Court wns* already on its 
way to India, in reply to tho Governor-Gel uumiI’a letter. 

Such rapidity in the dispatch of an important; measure 
is, perhaps, without a parallel in any department of Govern- 
ment. All subsequent steps wore taken with proportionate 
speed. The requisite contracts were issued for ail the 
stores, before tho 1st of August. .Sixty enlisted artificers 
were placed in training al W alley ; an inspection of the 
home and foreign telegraph lines undertaken, and com- 
pleted by the 15th of November; oollcotion.s mmlo of all 
the instruments in use in Europe mul Amwimt : these pages 
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prepared for the guidance of the persons to bo employed on 
the works in India ; and voluminous reports, with osth miles 
and drawings, submitted from time to timo on every slop 
of these proceedings. 

The accompanying list of the materials and instrunmulH 
ordered on the 1st of August, 1852, will show the enor- 
mous scale on which the operation was sanctioned, and ^ 
the rapid rate in which the preparations have been 
made : — 

Tul» 

Iron rod, No. 1 galvanised, li-lGth inch} weight por mill*, £ a 

ton ; length, 5, GOO miloa 

Iron screw piles, 40,000, each 76 IUh. 1,660 

Gutta porchft covered copper wire, 700 miles „ 

Iron wire, galvanised, No, 8, 660 miles I an 

N’umlr t 

Oak brackets . 4H,UMi 

Galvanised wrought iron capa ...... 48,01)0 

Binding screws for ditto *18,0110 4 

Stoneware insulators * . . . . IMM 1111 * 

Galvanised screws for ditto 

Striiudug machines . , 

Wire straightening ditto 
Gutta pevolm tool chests 
Sots of sundry tools , , 

Telegraphic instruments and samples of stores, &c., from till Kilglirdi 
ofllccs } also from Amoricn, Franco, Baden, and Prussia. 

Electric cloche, printing presses, turning lathes, wiro drawing machines 
and silk covering, taping, mul ribboning machines} from Uopklnmmmid 
Cope, London j Whitworth and Co,, Manchester} lloHsutppfeli Loudon : 

Shepherd and Bon, London \ Mr, Phvslck, of Loudon, &e. &o. 

*> 

Of all tho above stoves, and mau^ others not included, 
tlicrc was not a single item manufactured or procurable on $ 
the 1st of August, 1852, 

In all tho stages of tho requisite measures the utniutf. 
alacrity wus ovinoed by every oilicor concerned. Having 
been, lmioh in personal communication with Mr. Juhmd 


} 


30 IB't'l 

of 

fin'll. 


PREFATORY NOTICE, 


\\\ 

Danvers, of the Secretary's Office, X would tlesirc to rs 
press my special obligations to him for the facilities wliieli* 
on every occasion, he afforded me in the transaction of t)u< 
business connected with that department of the India I burn , 
To Mr. 0. Manby, the Secretary of the Institute ul' \\» 
Civil Engineers, cordial thanks are .due for valuablr m 
formation regarding the best mode of obtaining supple 
Mr, C. V. Walker, the eminent Superintendent nf tin 
Suuth Eastern Telegraph line, with great kimlnevi y.w* 
full opportunities for observing the English system in ln« 
offices; to Sir James Carmichael, and the Dim'im*. m 
the Submarine Company; to Mr. Statham, the Man;e*. i 
of the Gutta Perch u Works; Mr. Wollaston ami Mr 
Crumpton, the Engineers of the Submarine Lines to CaLit-, 
and Ostond, I am also much indebted for the nmih >y 
and readiness with which they facilitated every iin|iiin. 
and permitted experiments to be made on their liiic-:. 

To M, Alphonse Poy, the distinguished Director* 
of tlie French lines; M. Breguet, of the Board of |,on*>» 
tude of Paris; Mr. Kelsch, of the Straaburgh 'IVIrpaph 
Office; the Baron Von lleiscnstcin, at Curlsruhe; M. \ mi 
O ppenhcim, at Cologne; and M. Vinchent, at Brussel , 
also due our warm acknowledgments. 

I cannot close this list without a grateful tribute tin 
cordial kindness with which Colonel Hay, Colonel Li la. 
and their brother officers at Wnrloy, handed over ♦»* flu 
telegraph service the sixty best men of the Pcpdl, I Unlit 
lion, and to the good-humoured forbearance with wlmh 
they allowed the trim parade ground on Worley Oimimm 
to he disfigured by our unsightly lines and irregnlin < 
Irenclimcnts. 
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The artificers are now on their voyage to the East 
in October next twenty camps of construction will b 
gaged in extending the web of telegraphs all over I 
The duty is a noble one. If it presents many diflici 
and some dangers these will but enhance tho merit a 
success which energy and zeal and attention will certi 
accomplish, Tho history of tho Telegraph in India j 
convince every one employed that, while unavoic 
failures are looked upon with indulgence, successful e 
tinn is certain of proportionate reward. Lot us all, then 
with each other in the execution of our oxciting task, 
indulge in tho hope that we may be spared to witness 
miracle of Calcutta and Bombay exchanging despatch! 
minutes instead of weeks — when the answer may nr 
from one thousand miles before the ink is dry on tho 
cord of the question— and when persons more than 1 
distance from each other can communicate more quk 
than the inmates of different rooms in the same house. 

In the extracts appended from the Governor-Gone] 
Minute I have ventured to omit tho generous notice 
Lordship 1ms boon pleased to tako of my slight servi' 
While I have done so from a very natural fooling, wIj 
his Lordship will bo the first to recognise, I do not In 
tato to say that that Minute imposes on me the lumourn 
duty of devoting all the exertions of my life to the just 
cation of the opinions the Governor- General lias thor 
expressed, 

I have only to add that, if in my notice of any Engl 
or foreign lino or instrument, I have spoken in terms 
slight commendation, it has simply been intended with * 
forence to their inapplicability in India. I am not so p 
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sumptuous as to obtrude opinions regarding the appropriate- 
ness of any system or contrivance in England. The emi- 
nent engineers in charge of the English lines are the best 
judges of what concerns their sphere of operations, as we 
may in India claim to be in most matters regarding our 
duties in that country. 

W. B. 0\S, 


London , 14th Mat /, 1853. 


Extracts prom a Minute by the Most Noble tiiis Mah- 
quis of Dauiousie, Governor General of India, 
and Governor of Bengal, dated 14tii April 1852. 

1, Dr, W, B. O’SIiaughnessy lias submitted his last re- 
port announcing the completion of the lino of Electric Tele- 
graph from Calcutta to Kedgeree. In all its parts, as well 
iu that portion of the line which is carried underground as 
in that which is conducted after the European manner, its 
success has been complete. Neither tho heat nor tlio rains, 
neither tho violent atmospheric influences nor tho thunder-* 
storms and hurricanes to which it has boon exposed during 
tho past twelve months in i\ degreo which will probably 
never be exceeded, have interrupted the full and continuous 
working of the line, Even the more difficult object of 
parrying the *wiro in safety across tho Uooghly, where it is 
so liable to injury by tho shipping, appears to liavo boon 
fully accomplished, A mechanism and a system both 
admirable for their simplicity, and therefore doubly valua- 
ble in India, and under tho circumstances in which the 
telegraph will bo worked, luivc been devised and brought 
into operation. 

a 5 
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An establishment of young lads has been trained, and 
have conducted the duties hitherto with regularity and to 
the satisfaction of the Government and of the public, 
Financially the experiment may be regarded as quite 
successful. The monthly charge amounts to rupees 916, 
while the receipts from private parties exceed rupees 923, 
leaving the whole of the Government business conducted 
almost without charge. In like manner, it appears from 
Dr. O’Shauglmessy’s letter, that the entire lino, BO miles 
in length, lias been constructed for a sum lower than the 
estimate by 13,000 rupees. 

2, I have visited the line, and in common with hundrods 
of others can bear testimony to the beautiful simplicity of 
the work, to the regularity of its operations, and to the 
perfect success of it as a national experiment of the highest 
and most immediate moment to the interests of India, Iti 
truth, the best of all testimony is borne to it by the 
periodical delivery every three hours during each day of 
intelligence from each station between Calcutta and Ked- 
geree up to tho hour at which the intelligence is delivered 
here in Calcutta. 

****** 

5, The completo success of the experimental line has 
added intensity to tho ardent desire I havo entertained, 
ever since the lirst report on the subject was submitted, to 
see the main line of Electric Telogruph botweeu Calcutta 
and Pesliawur, Bombay and Caloutta, Madras and Calcutta, 
fairly commenced before I quit India noxt year. 

(J, The vast advantages of such a communication, if 
feasible, are apparent at a glance. Tho experimental line 
has shown not only that it is feasible, but that it may he 
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tiuuIc oasy of accomplishment, rapid in execution, cheap’ 
of construction, and profit ahlo in its returns. 

7, If additional proof of its political value wore required, 
it would be found in recent events, where the existence of 
an olcctrio telegraph would have gained for us days when 
even hours were precious, instead of being dependant for 
the conveyance of a material portion of our orders upon 
the poor pace of a dtlk foot runner. 

8. Since, then, the early establishment of the Klee trie 
Telegraph is all important alike to the Government and to 
the community in India — since it has beon shown to be 
practical, safe, cheap, and profitable — I entreat the Govern- 
ment of India to second with all its authority my most 
urgent personal solicitation to the Honourable Court of 
Directors, that they will authorise the immediate construc- 
tion of a line or lines from Calcutta to Agra, to Bombay, to 
Peshawar, mid to Madras, either simultaneously or as soon 
as possible, in the order in which they are placed in my list. 

i). Relying confidently on the acquiescence of the Go- 
vernment of India in this request, I would beg In offer 
some suggestions for expediting the submission of the ques- 
tion to the Court, and for giving efiecl toils consent, winch 
l am satisfied will not be withheld as soon as tho Court 
shall bo convinced of tho correctness of the results we are 
now about to lay before them, 

10. Everything, nil the world over, moves faster now-a- 
days than it used to do, except the transaction of Indian 
business. Wluit with tho number of functionaries, hoards, 
references, correspondences, and several Governments in 
India, what with the distance, tho reference for further 
information made from England, the fresh tunTcspoiidonecH 
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arising from that reference, and the consultation of tho 
several authorities in England, the progress of any great 
public measure, even when all are equally disposed to pro - 
mote it, is often discouragingly slow, 

11, In the present instance the inconveniences usually loll 
in this country have been obviated by causing Dr. O’xShaugli 
nessy to communicate direct with the Government onion - 
gal. His report of the completion of the lino has thus 
been considered by tho local Government without delay, 
and I trust it will be speedily forwarded to tho Court by 
the Government of India, I am very desirous to expedite 
and facilitate its consideration by tho authorities in 
England. 

12, To that end I beg leave respectfully to recommend in 
the Governor-General in Council, that Dr. O’Slmuglmessy 
should be directed to proceed to England at once, simulln 
neousiy with the transmission of tho Report, 

His presence will enable him to give every information 
to the Honourable Court respecting the system ho has esta- 
blished and its operation. His accounts will enable tin* 
Court to test the estimates for the extension of these lines 
by examination of past; expenditures. AU necessity for re 
ferenoe to India will be removed, and the Court will be in 
a condition to pronounce its decision at once. 

# # * * # at 

13, I have already stated that I cannot doubt that tin* 
decision of the Court will sanction this work, In that case 
Dr, O’Shauglmcssy’s presence in England will bo of great 
additional value ; with the sanction and under tho diroe - 
tion of the Court, lie will be able to direct the preparation 
of materials for the Electric lino on very favourable term*, 
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and with that speed and in those quantities which alone will 
lead to a speedy establishment of the whole line, This 
could not be effected in India. 

M. As I cannot doubt that, if this lino be carried on, 
the past services of Dr. O’Shaughuessy will entitle him in 
the eyes of the Government to be selected for the super- 
intendence of the larger work, liis visit to England will bo 
further valuable by giving him the opportunity of becom- 
ing acquainted with Iho English, the continental, and even 
the American systems and modes of construction, 

# * * * # * 

Heartily commending this matter to tiro favourable con- 
sideration of the Governor-C4cnoral in Council, T trust it 
will meet with an early assent. 

DAmOUSlE. 

I 

(Signed) ,T. W. DALllYMPLE, 

Under Scnrltmj h the (Jovrnunntt of' JkiHfitl. 
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BRITISH INDIA. 


* 

The following pages tire intended to afford full and precise 
practical instructions for the construction of the lines of electric 
telegraph in British India— -the use of the instruments to he 
employed — the arrangements of offices for correspondence — 
the protection of lines and offices from lightning, and .the 
measures of precaution to he adopted during the violent 
gales by which India is frequently visited, 

The principles of electricity and magnetism are explained 
to the full extent required for the instruction of the persons 
employed in erecting the lines, and in arranging and carry- 
ing on the telegraphic correspondence. 

The properties of all the materials used arc carefully de- 
scribed, mul in many cases their ordinary native names and 
market prices arc specified, with reference to the Bengal lines, 
The text of each page is restricted to the directions and in- 
formation appertaining strictly to the construction and working 
of the Indian lines, ns sanctioned by Government, after deliberate 
consideration, lhit ample notes arc appended in a smaller type, 
or given under separate heads, which afford full information on 
the methods adopted on other lines, whenever such knowledge 
may illustrate any point of interest in the Indian system, 

It seems desirable to add, that these practical directions are 
printed solely for use in India. Further, the brief exposition 

B 
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of the principles of electricity and magnetism with which the in- 
structions open, is given for the information of artificers, signal 1 
pupils, and other imperfectly educated persons, and is not 
intended for the higher class of officers who may he employed in 
the department. 


ELECTRICITY. 

To understand how to construct lines of electric telegraph, 
and to correspond by means of this invention, it is necessary 
to know the nature and sources of electricity, the properties of 
magnetic bodies, mid of those substances employed in the con- 
struction of the lines, and of the instruments used in corre- 
spondence. 

* The term Electricity is employed to denote a peculiar state 
into which several substances are brought by various causes — 
the state differing from their ordinary condition, and made 
manifest by the occurrence of sparks, of shocks to living ani- 
mals, of attraction or repulsion of moveablo substances, by 
chemical changes and magnetic action. 

The electric state is readily illustrated by the following ex- 
amples ; — 

A cloud, when electric, darts flashes of lightning lo all bodies* 
which it approaches. 

A glass plate, when rubbed by silk, emits electric sparks in Hits 
same manner. 

, Sealing wax, sulphur, resin, amber, lae, gutta-percha, nvc 
capable by more friction of exhibiting similar phenomena. 

If a steam boiler be placed on glass legs, and a jet of steam be 
' blown off at a high pressure through a wooden orifice, the boiloi 
becomes powerfully electric, and gives off vivid sparks to met til a 
and living animals brought into its vicinity, 

There arc many animals, such as the torpedo and electric eel, 
which by their voluntary act can assume this condition, giving 
sparks and shocks to otlior objects. 

In very dry countries most animals, but especially cats, can 1 j< 
made electric by rubbing or combing tlieir hair or fur. 

Chemical action is a common and important source of clectvi 
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j a rinc rod or plate, placed in dilute sulphuric acid, is 
ucted upon chemically, sulphate of zinc being formed. If a 
plute of copper, silver, platinum, or gold he placed in the liquid 
at the same time with the zinc, it is easy to obtain the spark, 
shock, and other phenomena of electric excitement. 

Electric action can also be caused by magnets, as will be sub- 
sequently explained, and by exposing arrangements of certain 
metals to the influence of different temperatures 5 lastly, the vi- 
cinity of a substance in electric excitement is sufficient to cause 
electric activity in others, a fact which is termed induction, and 
which lms an important influence on many telegraphic arrange- 
ments. 

Such being the general nature of electrical excitement aiul 
its sources, a closer study must he made of the facts which bear 
on the construction and use of the electric telegraph. 

Electric notion exhibits two varieties, to which the terms pose- 
tine and negative are respectively applied, That caused by the 
friction of glass is positive ; of resin, lac, gutta-percha, sulphur, 
negative i a plate of zinc, and another of gold, silver, copper, 
or platinum, in dilute acid, are— the zinc negative, the silver, 
&c,, positive, 

The states arc distinguished by positive bodies attracting those 
which are negative, and repelling those in the same state as 
themselves— and by certain chemical and magnetic effects, which 
will soon demand our careful consideration. 

Electricity further exhibits effects of two distinct kinds, when 
in motion nmi when stationary — the former is termed the dy- 
nnmic, the latter the static state. It is with dynamic electricity 
chiefly that the telegraph is concerned. 

The metals, water, wet earth, and all wet substances, 
nro found to conduct electricity from one place or body to 
1 mother; resins, glass, sulphur, gutta-perclm, caoutchouc, silk, 
shell-lac, &«i, cither do not conduct electricity in miy sensible 
degree, or do so to a very slight extent. For that form of 
1 electricity caused by the action of liquids upon metals, dry air, 
wood, paper, or, indeed, all dry substances, not metals, metallic 
I compounds, or 'carbons, arc non-oonductor& ; while, on the contrary, 
I metals act as conductors# The former are also termed insulators, 
1 n 2 
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as they insulate or confine the electric excitement to the body 
through which it passes. 

Before proceeding to describe the construction of the voltuic 
pile or battery, it is necessary to explain the nature of magnets, 
which in various forms arc used as simple and easily applicable 
tests of the presence of dynamic electricity* electricity in move- 
ment, or the electric current , 

magnets* 

There are some ores, or natural compounds of iron, which 
when hung up by a thread, so as to move freely, always settle in 
a determinate position towards the north and south poles oi the 
earth, 

If a steel needle be placed in a line drawn between the novth 
and south poles of the earth, which is termed the matjnotU 
meridian, and at a particular angle or dip, it soon acquires mag- 
netic properties, and if balanced on a pivot, will point north and 
south ; and If disturbed from this position, will return to it liftin' 
a series of oscillations. The ends are termed north and south 
poles, 

When two magnetized needles are brought near each other, it 
is observed that similar poles repel, dissimilar poles attract uiudi 
other. The north pole of A repels the north polo of B, and the 
north pole of A attracts the south pole of II . 

The earth is itself a great magnet. The earth Inin magnetic 
poles, and it is by the power of these poles that the needle h 
forced to assume its determinate position, 

A delicate pocket compass needle, of one to two inches 
finely balanced, is a valuable instrument in studying the luwn oi 
electricity and magnetism on which the telegraph depends* 

VOLTAIC OR GALVANIC ELECTRICITY, 

The source of electricity of most importance to the tek!gm]ili 
student is that exerted by chemical action on metals, It o 
termed Voltaic or GalvmiCt from Volta and Gulvani, two illus- 
trious Italian philosophers, to whom its discovery and first in- 
vestigation are due. \ 


VOLTAIC BATTERY. 5 

If two plates of different metals (zinc and copper) lie placed 
in r liquid which can act chemically on one mid not on the other 
(such as salt water, or water acidulated with sulphuric ficicU, and 
if the plates be joined by a metallic wire, electricity may be de- 
tected moving or flowing as a current in the wire, W, and from 
one plate to the other, through the fluid [Fig. 1). If the wire 



bo divided at N, so that the ends can be separated or joined at 
pleasure, it is readily proved that the electric current ceases to 
move when the wires are separated from each other. "While the 
notion proceeds, the zinc is charged with negative, the copper 
with posMiac electricity. The current moves from the zinc to 
the copper in the fluid, and from the copper by the intermediate 
wire to the zinc, Tlius the wire attached to the copper is iposi- 
tivc, to the zinc is negative, in its effects. 


Fig, 3 . Fig, 4 , 

W 



The test employed is the magnetic needle. Arrange tlio plates 
and wire so that the wire points north and south. Separate 
the ends of the wive, and place the noodle immediately below it. 
The needle remains at rest (Fig. 2). Let the wives touch 
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tho needle instantly moves, and tends to place itself cast ami 
■\veat { Fit/ , 3). It is further seen that if the ends of the wires 
lie changed from one plate to the other, so that that which first 
touched the zinc now touches the copper* the needle is deflected 
,n the opposite direction to that in the former arrangement 
t-Fip. 4). 

The deflection is caused by the electric current in the wire* 
The wire is thereby rendered magnetic j hut its north and south 
farces are not at its ends, as in the steel magnet, hut distributed 
equally round its circumference, so that any two opposite points 
on this have opposite magnetic powers ; and on changing the 
order of contact in the wires, the magnetic force in the wire is 
also reversed, north becomes south, and south north. 

This is proved by placing the testing needle in different posi- 
tions regarding the wire— above, below, to the right, to the left* 
Observe and note the order of the deviations. If the conducting 
wire he covered with silk and wound round a frame forming several 
turns, ami the compass-needle he placed in the contra, all the force* 
combine in their effects on the needle in direct proportion to tlu? 
number of turns. This arrangement is termed a multiplier or tjnl* 
^ 0 1 iomele)\ It is essentially the telegraph used on the Indian linen, 
find is employed on the French lines (Boussole de Sinus) to measure 
the intensity of the electric currents circulating in the conductors* 
A minute description of this instrument is now required, 

TIIE SINE MULTIPLIER. 

A, B, C, is a graduated circle placed on the circumference of 
n circular frame of wood, A, C. In this frame is a circular ‘pieces 
of wood, a , b, c, which can turn horizontally about its centre, 
A, B, C, remaining fixed, An index, i, placed on the circum- 
ference of the moveable piece, serves to measure its rotation 
on the divisions of A, B, C. D, SI, is an open frame of 
wood, placed perpendicularly to the surface of the moveahlo 
piece, and surrounded by several turns of copper wire covered 
with silk. In the centre of this frame is a very sharp point of 
hardened steel, serving as a pivot for the magnetic needle, ic t y 
(Fig, 6). A needle of thin brass, z, bis placed at right angles acroms 
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the ccntro of the bteci needle, the cross-slmpcd compound needle 
being supported on n cap of agate, balanced exactly on the steel 


Fig. 5 , Fig. 6 , 



pivot; r {Fig. £>) is a guide or stop to limit the vibrations of the 
needle. Thus the central piece of wood, the open frame, the 
needles, and the stop, r, form a moveable system .round the 
centre. The whole is arranged so that the frame of wire lies 
north and south, or in the magnetic meridian. The steel needle 
resting in that direction within the frame, the points of the brass 
needle will be respectively east and west, and one of its ends 
midway between the sides of the stops, r. Fig. 7 shows u side 
view of the instrument# 


Fig. 7 . 



If fin electric current be now made to circulate through the 
wiru surrounding the frame, the needle will turn on its pivot, 
and the extent of its deviation will depend on the energy of the 
current, although not in a direct proportional degree— that is, 
suppose from two different sources we obtain successively two 
currents, oiie marking 10 dog. and the second 20 deg., we still 
cannot conclude the second current to liove double the power of 
the 
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To obtain the exact proportional measure of two currents, the? 
instrument is set'— one current is passed, and the circle, «, b, c, 
is turned in the same direction as the deviation till the bvas» 
point of z t rests in the centre between the stops* The? 
division of the graduated circle to which the index, i, now points 
Rives the angle which the needle in its actual position make* 
with the magnetic meridian. This is noted. Suppose it 30 deg> 
in a given case, The second current is passed — suppose the 
angle to be 45 deg. The ratio of the intensities of the two <mr~ 
rents is that of the two numbers, expressed mathematically as 
the sines > the values of which are found in tables constructed for 
the purpose, In these tables it is found that the sine of 30 de$- 
is — 060, amt that of 45 deg. is = 0*70, the ratio is accordingly 
as 5 to 7 . 

If the deviation be so great that the needle is forced buyout! 
the limit of the centre of the stops, recourse must be had to 
frames or coils of wire of different dimensions, as will be Hubsu- 
* qucntly pointed out. 

For testing the strength of the current to be used on a lint*, 
this multiplier is constructed with fifty yards of copper wiru, 
covered with silk, and ^th of an inch in diameter, Pur ukc 
as a telegraph, the coil in the Indian instruments is of thirty foist 
of silk-covered copper wire only T ^th of an inch in diameter* 
Great obscurity exists in the descriptions given of the dcvia~ 
lions of the needle by voltaic conductors, chiefly from neglecting 
to specify the exact relative positions of the plates in the battery, 
the turns of the wire, and the face of the observer* Theoretical 
expressions are also too often made use of, such as ascend hip; 
aiul descending, positive and negative currents, &c. In tUo 
following description the facts arc minutely stated, 

The battery is arranged in the magnetic meridian with its 
copper end to the south and its zinc end to the north* 3 be 
observer is seated with his face to the west, the zinc end of the 
battery being opposite to his right hand, and the copper mill 
opposite to his left* The wire from the copper ond of the butte 1-3 
^ wound on a frame from left to right, in the same direction n» 

1 motion of the hands of a watch, and a magnetic neodhs is 
osed in the frame in such a manner that the wire turns vomit 
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it hum loft to right. On malting oontnct with the battery, the 
itmlh pole of the needle deviates to the west. On reversing the 
Holes of the buttery, this north pole of the necille deviates to the 
fast. 

Tins above description also applies precisely to the facts 
olmom’d when the magnetics needle is placed below a single wive, 
joining tlu* poles of the hattevy i when battery and observer are 
si hinted us above desmbeih 

The exact structure and experimental use of this instrument 
ore of such great importance, that the teacher is recommended 
to pan He here, anil proceed no further till this be thoroughly 
lean mil, 


this var/i'Aic battery. 

Ml tlii> volute IwUcvios used for tdcgiftpli purposes <xm9ist of 
ono ov ntuvu couples, of which zinc is one, the second being 
copper, silver, platinum, or carbon, in various arrangements. 

Kuch couple is termed an element ; a series of such couples a 
halter if. 

The liquid which acts <m the zinc is generally water acidulated 
with sulphuric acid, or containing common salt in solution* 
Common rune contains many impurities, and is irregularly 
sided upon by acid; but if the zinc he moistened with weak 
acid, mid tlwn rubbed with * mercury , an amalgam is formed, 
which is scarcely acted upon by dilute sulphuric acid, except the 
plate h ho connected by a wire, forming a circuit. This amalga- 
mated %inv is a most important substance in telegraph arrange- 
ments, , . 

In every v.inc battery in use the chemical action is accompanied 
hy the decomposition of water into its two gaseous elements, 

hydrogen and oxygen. c 

The oxygon unites with u portion of the zinc, forming oxulc ot 
ziue, the hitter with the will forming a salt of zinc. The hydrogen 
citiuT escapes on the surface of the copper, silver, platinum, or 
carl mil pltdu, or in certain and very powerful arrangements it 
in uhsmhi’d by nitric acid, oxide of copper, ov cldoridc of silver, 
ns shall be mibscipiontly explained- The removal of the hydro- 
uni from the surface of the copper, silver, or platinum pole, 
* 1)6 
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increases tbe power of the battery in an extraordinary degree, 
owing, it is supposed, to hydrogen being n gas of very great 
insulating power. 

The following hinds of batteries ftvc those .used on the tele- 
graph lines now in practical operation \ — 


Sand and Acid . 

A plate of cast zinc (Fit/, 9, z), four inches square, and -ftths 
of mi inch thick, is joined by a copper strap, ouc inch broad, to 11 
thin copper plate {Fig, 9, c), four inches square* T'ho zinc is 
woU amalgamated with mercury. 

Twelve of these couples tiro 
arranged in a trough of wood, 
porcelain, or gutta-percha, and 
divided by partitions into 
twelve water-tight cells, each 
H inches wide. The zinc mu I 
copper preserve the same ov- 
dev and direction throughout. 
When arranged, the trough ih 
filled with the finest white 
sand, and then moistened wit l 



Fig, 0, 


water, previously mixed with 5 per 100, by measure, of pun 
sulphuric acid {Fig, 8). 

The gutta-percha troughs made by Mr. Stathmn lire fitted will 
close covers. 

Butteries thus prepared remain in constant, though walk 
notion for several weeks, or even months* They are used ulnujs- 
exclusively on tlic English lines, and answer well for work In 
needle telegraphs in fine and dry weather. In fogs and ruinn, i 
distances exceeding 200 miles at most, their action ceases to 1 
sufficient for certain work, and a vast number of couples nun 
be employed, Id 4 to .288 being frequently in use. Tor workin 
instruments such as those used in France, Prussia, anil Auutu* 
<vncl batteries fail altogether, and in India they have been ili 
led, after full trial, as in all respects inferior to other bat tori 
sequently described* 
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tJamieVs Bathry. 

/ litfi luitlirivy is runted after its inventor, the lato distinguished 
proftstauir of nntivjpl philosophy in King’s College, London. 

i'.wh (ileitiunt consists of ti strap of cfllipcv, oan-ving a little 
wnsutiu- shelf <>l the satu 0 metal (%. 10, c), one inch nide, and six 
lushes long-u povou* cup or 
vylimlm of mu$ltv/ed cm’ then- 
wave, two kuchma m diameter, 
und wix inches deep— ft cylinder 
i>f shout /Anc, \\i\\\ a thin cop- 
puv utmv ti» join it to the next 
couple, Thu fcinc is not umaV 
A. p;\ass tumbler 
holds the cntive v ilms t— 

2 to 100 of these cdemenls may he arranged in series, 
mhl fti'C thus set in. operation, The vessels are filled with eon 1 " 
inon water to witldn half a* inch of the edge, and about one 
ounce of crystals of sulphate o/ 1 copper (blue vitriol) placed ou 
the little c'ircnW shelf. The cell is now ready, The addition 
of ii little common salt to the Water in contact with the *ine 
incremica the power of the arrangement. 

To keep thin battery in efficient action, ft little sulphate Of copper 
burnt be added as the solution grows pale, so as to heep it oi u 
blue colour, Once a week* at kftst, all tins solutions should he 
changed ftrnl the plates wanked. 

Sulphate of copper is made in All parts of India* and Hold retail 
at &0 rupees {<£$) for 60 pounds avoirdupois. The usual native 
name i« *>1 col t atya* 

As. modification of the buttery thus described consists in placing 
a. fori of cast zinc in the centre, and a cylinder of copper outside 

Oil! porous earthen cylinders. This arrangement is often useful 
vvliovo sheet zinc is not procurable, livery burnt in India sup- 
pirn a rearmum j«n& {du$i(i),*\wt copper (tamha), m^rewiy {par a), 
wwd cupper \v\i f O» su that a buttery of this kind can always hi 
eauHtvucted When required, This is the more important as th 
minor id aeida* sulphuric and nitric acids, are only made at Vn 
capitals, IknYhuy ftud Calcutta ; and the danger and difficult 
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of their carriage render their cost at inland stations a serious 
obstacle to their general use. 

In arranging a series, say of 20 couples, of this buttery » it is of 
the utmost importance that the glasses he kept, dry outside, and 
no liquid he spilled about the table or frame on which they stand. 

When this buttery lias been some time in activity, new copper 
is observed to deposit itself on the copper plates, from which, 
from time to time, it may be stripped off, and reserved for future • 
conversion into new sulphate of copper, or sale to the makers of 
that article! 

These sulphate of copper batteries arc extensively used on tlur 
French and German lines. CO couples sufticc in Franco for the 
longest lines yet open ; viz., from Paris to Bordeaux, 284 miles ; 
Paris to Strasbuvgli, 312 J miles; Paris to Hrussclls, 231 i miles ; 
the signals not being repeated on the way. 

Carbon Batteries — Bunsen's. 

In these a cylinder of prepared carbon, open at both ends, in 
substituted for the copper, This carbon cylinder is placed In n 
glass or porcelain vessel of about a pint measure. Inside the cnr~ 
bon is a porous earthenware cylinder, closed at the bottom. In 
this is placed a rod of amalgamated zinc. Nitric acid mixed with 
its own bulk of water is poured into the vessel in contact with the 
carbon, A mixture of sulphuric acid 1 part, water 25 parts, by 
measure, is poured into the porous cup in contact with the zinc. 


nj. 11 . 



Contact is mnde by a strap of copper securely fixed all romul 
Vthc top of the cavbon cylinder, protected by a resinous cement 
' J r0m ^ ie ac ^ J 1 )V0V ^ C( 1 with a brass binding screw to receive 
Jp wire from the' next zinc element, 
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This uvrimgumunt may bu vuviud by using a solul cylinder of 
hi him in ihit porous utirduHi vessel in. the centre* aud a zinc 
S limlor (MtlSi'U' next the glass [Fig. H). 

This \n tin? method followed hi the central office in Paris, 
hii' fml t t»ry t>M!) suffli couples $n (flees for working all the lines 
Yimi Ptit'w, nt the Hfune moment. The battcvi.es are cleaned and 
fiesh nidd given every week. The ammgement is one of great 
| uo>vv, 

In PniuMn, carhou batteries nve also much used, lmt no nitric 
nvid in employed j weak sulphuric acid (1 of acid to 20 of water, 
hy mciisiuv) is placed In contact with the zinc, which is well 
iimtilgiuiuitvii, nml acid of 1 part sulphuric acid to 9 parts water 
i h used in contact with Hits carbon plate, 


Nitric Jcid and Platinum. 

Tin* batteries to be described under this head arc those used 
at present in the several telegraph offices on the lines between 
(hdciiUm Diummul Harbour, and Kedgeree. 

Hath element consists of a cylinder of street zinc, three inches 
(Icon, provided with a copper connecting wive ; a porous earthen - 
Mi' ri'H, i mil n piece <>f platinum wire, six inches long, of winch 
three inches nvc coiled into nn open spiral, half an inch in 
(Utuneter. The whole is placed in a half-pint glass tumbler. 

The element is charged by placing salt water in contact with 
the /me, whirl, ia not amalgamated, and dilute nitric acid (equal 
tueicmrcs of strong nitric nerd and water) in the porous vessel 
mid into this tin*, platinum spiral dips, the other end being wound 
round the wire, from the, zinc of the next cell. Two of these cells 
millin' to work a line of forty miles, totnUy lumtsnlatert, owl m- 
Hndi«K the mihuuii'ine crossing of the Hough y tvu, 

""•t'hc liquids require renewal every fourth day. 

HV uhaiuuiu wire liua many advantages over platinum foil, 
wh eh is Vised in America. The foil soon becomes brittle and 
U U much move expensive. The contact, are made and 
. • . wUU , nu( ,|, more difficulty. The liquids are also 

:w“. .»! H» *"» *w>— » »»»»>“> “> “ ta *° 

willi uttieli greater facility vftm wire is employed. 
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the 13 31, 'tismccs nAVU * 

Each porows cell contain ^ f v fluid on u<< es «>P 
cells Eire mode of ordinary Ic icle clny. niul '*"• **»l*l»*«’l *> 
native potter* at the rate 0 f i rupees <}V -*■ 

In America* 30 platinum CClu * > ias uro * oV every lbn \u 

of line.* 1 1 

F "*«* Chloride (if Silver. 

This battery, invented | iy tlie author, i» ,(l ,m * 
serihet], is, for irwty i>uvp 0a<sg CO nnccUul with tin- i.l, 
deserving of attention in tli{ s ( ,i n cc- 
Tlio mode of jwcpnrati 0 « tlie fused chloride of mIh-i 
described in the Appendix* 





Each plate of fused clxlovitle of silver ih tivo \mAw* 
and half an inch thick, a silver wive in tmatt'd round u ifn j 
as shown in Fif/, 12, b s and firmly fostcrn^Ti no i\n to Itrnc »u * 
of about three inches long. A this mib*t»nrc i«. o- 

elated with a plate of cast tAwc. of equal size, not uiuul^iuir«( 
aiul the whole placed in n glmss of ivcnk hsiU lvntw (My. i: J . 
A series of these couples maybe assodiiitol IngutlMT in rl»r 
diimry wny. 

This ftmmgqment may renmin for ymv* witlmul, im\ b 
action taking place, until tlie wdi’Cs tiro united by u nmdm I 
When the circuit is closed, n cumiit passcsj water in iItjh 
posed, tlie hj'drogen acting on- tlie chloride of silver. no? 
with chlorine, imfl libern tes met ullic silvciy am 1 form* It wl 
chloric (muriatic) acid, l>y ivliicij -tlie oxide? of/inc is A 

The metallic silver is reduced in n Ami-dike hIiii|h\ *♦< 

pfo^° K,CClrla - 
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radioing at the silver wire, mid extending in nil directions 
( Fig . 12, c). Eventually the chloride is all reduced to the metallic 
state. It is then inefficient, and should he broken up, well 
washed with vain water to free it from salts of zinc, and melted 
into an ingot for reconversion into chloride, 

The advantages of this battery are its absolute constancy and 
uniformity of action— the total absence of local action — and the 
great length of time during which it remains ready for work, 
provided the evaporation of the liquid he prevented. The 
chloride of silver is costly, 26 per 1 00 less than pure silver; 
hut as all the silver is recovered, it in only the cost of the nitric 
ncid used in preparing it, which is to he tulccn into account. 

In signalling power this battery is equal to the platinum and 
carbon arrangements, but its chief value is for local circuits, in 
which its use will be subsequently pointed out. 

SWhcrcr's Charcoal Battery, 

Stuherer has made a very constant battery with zinc ami char- 
coal. The zinc is not amalgamated, A solution of alum is the 
fluid used, 

A wide jar of hard earthenware contains the pieces of charcoal, 
each of which is wound round with a copper wire* 

In the middle of the jar is placed an earthenware cell. All 
the intervals are filled with garden sand. A piece of zinc, sheet 
or solid, is placed in the earthenware cell, which is then tilled 
with sand. The whole is watered, from a flower-pot, with a 
solution of alum, 

Schellcn says lie has seen a nine-element battery of this kind 
which lmd been used for telegraphic purposes for two years, and 
was nearly as strong as when first made,* 

Before we can understand the applications and uses of these 
batteries, we must study the laws which uliect the intensity of 
electric currents in different conductors. These laws have been 
most successfully investigated, hy Ohm and Wheatstone, and the 
following exposition is based upon that given hy M. Bcrgon, in 
the French official instructions published in 1851, 

* Dev Klcctro'iiiagnotiscUo Telegraph, &c., p, 271, von Dr. II. Scholl on. 
Brunswick, I860,) 
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LAWS OP THE INTENSITY OB* CURRENTS. 

A. current cannot exist without an electric source and a con- 
ductor. Its intensity depends on the nature and the dimensions 
of the materials of the electric source and of the conductor, 
which must accordingly be separately considered. 

Let us first take a constant battery and a varying conductor, 
then a constant conductor and a varying battery, The deflec- 
tions of the magnetic needle in the sine galvanometer afford 
the following laws : — 


Laws of the Conductor . 

1 . The battery being constant, the intensity of the current is tlm 
same in every point of the conductors it pnsses through, however 
the composition of these may vary. 

2. For circuits of the same nature and section the intensity is 

in the inverse ratio of the length. > 

3. For circuits of the same nature and length the intensity is 
in the direct ratio of the sections. 

4. All else being equal, the intensity varies with the nature of 
the conductor, 

The laws relative to the nature and dimensions of the materials 
of the conductor are also applicable to the nature and dimensions 
of the materials of the battery; but the intensity of the current 
increases or diminishes with the energy of the chemical action 
in the battery. M. B ergon affords apt illustrations of these 
laws— tlms i 

1. Take a certain length (say ten feet) of iron wire, and 
an equal length of copper wire, and pass a current through 
this wire. Whatever point of this circuit we test by the mag- 
netic needle, the deviation will be always the same. 

2, Take two copper wires of equal thickness, one of 10 yards, 
one of 100 yards long. Pass successively through these wires 
the current of a constant battery. The intensity is not exactly 
ten times stronger than in the first case, and the law seems to ho 
defective, But when we take into account the battery itself ami 
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the wire of tlic ske multiplier t it will be found that the lengths of 
the two circuits are not respectively as 10 to 100, but as 10 !- 3* 
= 13 to 100 -f- & s= 103. Let ns now take two other wives, of 
the same thickness as the first/ hut one of 5, the second 50 yards 
long, ami use the currents from the same battery and with the 
same multiplier, The intensities will be as 5 4 - 8 =s 8 to hU 
3 = 5 = 53 — tlmt is, the battery and multiplier avo 119 3 to he mb led 
to each number; and, this correction being made, the law in 
found to he exact, 

3, Take two copper wires, one 10 yards long and rfoth of an 
inch in diameter; the second 10 yards long, and ^th of an 
inch in diameter. Pass the currents of the same battery, and use 
the same multiplier, ami, correcting for this as before, we find 
tli 0 deflection shows a current four times greater in the hm’muI 
wire than in the first, 

d. Take a copper wire of an inch in diameter and 12 
yards long ; pass the current, and the sine multiplier will give 
say 11 deviation of '20 degrees. If we wisli to procure the same 
deviation; substituting an iron wive of the same diameter for the 
copper, the length of the iron wire must he reduced to 2 yards. 
A certain length of iron wire produces, then, on the multiplier 
the same e fleet as six times its length of copper wire of the same 
diameter. The same deviation would have been obtained by 
having the same lengths, but the iron wive of six times greater 
section than the copper. The conducting power of copper in 
accordingly concluded to be six times greater than tlmt of 
iron. 

* 

Conducting Power * 

A conductor is said to be superior to another when, with equal 
diameters ami lengths, it gives a more intense current from the 
same source. 

Metals arc the best conductors, hut vary in their range from 
silver, which may he rated at 5,152, to gold, 3,075, copper, 

platinum, 855 ; iron, 700; mercury, l (10, 

* 


* 0 ~ value of die battery ami multiplier-wire. 
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Tlio temperature of the metal affects its conducting power* 
Between 32 deg. and 212 deg. Fftlu*. that of iron diminishes one- 
half. Charcoal in several forms is a good conductor. Acid and 
saline liquids also conduct well, and solutions of metallic salts, 
but the conducting power is infinitely weaker than in metals. 
Thus, solution of sulphate of copper is 2,600,000 times a worse 
conductor than platinum wire. 


Resistance* 

While conducting power depends on the nature of the con- 
ductor, resistance depends on the dimensions and nature of the 
whole circuit. 

Thus, take two circuits, one a copper wive of an inch in 
diameter, and 10 yards long ; the second an iron wire of the 
same dimensions— applying a constant battery to each succes- 
sively, the current will he found to he six times stronger in the 
copper than in the iron circuit, and the iron is said accordingly 
to have six times the resistance of the copper. 

Or, take two circuits, composed, one of 100 yards of copper 
wire, -J a th of an inch section. The second, an iron wire, 10 
yards long, and £tli inch section. The iron circuit being ten 
times shorter, and of twice as great section, although copper ia 
six times a better conductor, still the resistance would he fourteen 
times greater in the copper than the iron circuit, 

Laws of Complex Circuits, 

• 

In these the intensity of the current varies in the inverat 
ratio to the sum of the resistances of each part, or, in otlici 
words, the resistance of a complex circuit is equal to the sum t> 
the separate resistances. Thus ! Copper being six times luai 
resisting than iron of the same diameter and length, the resist- 
ance of 1 yard of copper wire wall be represented as 1 j tliiv 
of one yard of iron as 6, and soldered, cud to end, the com 
pound wire will have the resistance of 7, and will produce tin 
same effect on the battery current as ^ yards of copper vfi n 
of the same section, 
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Coil$< 

Guided by the laws above explained, we cun readily under- 
stand the use of u resistance soils” for 'proving telegraphic in- 
struments mul other experimental researches* These cuiH con* 
sist of very fine copper wire, generally v^th of an inch in 
diameter, coated with silk, and wound m a Bobbin, the length 
being from 600 to 6,000 yards in one continuous coil* Bach end 
is attached by solder to a brass connecting screw, 

A constant current being passed through such a coil, and its 
effect noted on the instrument under trial, we are enabled thereby 
t*> know through what length ofiron line of known diameter the 
same battery power will work the instrument, 

Suppose 6,000 yards of resistance coil are used, the resistance 
in this is equal to that of 1,000 yards of iron wire of the same 
diameter, or -^th of an inch, because copper is superior in 
conducting power to iron as 6 to 1* 

Hut as an iron rod of -fctli* inch section contain^ metal equal 
to 1,600 times that of the one of v yh ; and ns the conduct- 
mg power increases directly as the mass, the -ftths iron rod Is 
1,000 times superior in conducting power to the wive under ex- 
periment reduced to a value of 1,0Q0 yards* The resistance noil 
of copper wire of 6,000 yards of -ifoth inch is thereto* e equal 
to a telegraph line of 1,000 yards iron wire ^th inch, OT of 
1,000 X 1,600 ** 1,600,000 yards of &th rod, or 9^9 Trides 
aud \60 y artls of the Indian telegraph line* 

The inference regarding this length is, however, liable to modi- 
fication in actual practice through the tele, graph Tine hemg ex- 
posed to the effects of vain, fogs, changes of temperature, and 
other causes producing loss of the electric current, or increasing 
the specific resistance of the line: But the resistance coils hi* 
still extremely useful, as an instrument under trial, which cannot 
worked through a coil of great length, must fail altogether on 
a proportionate extent of telegraphic line, 

intensity of the Battery* 

The intensity of n current may he increased by increasing the 
number of the elements of the battery, and by increasing Urn 
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chemical activity of the battery by the use of stronger acids, The 
increase of intensity caused by the addition of elements is most 
remarkable on very long lines. On short lines of slight resist- 
ance the effect is scarcely perceptible. 


The Earth a Conduct or s and used as a part of all Telegraph 
Circuits , 

The earth has been described as a conductor of electricity, 
and in all telegraphic lines it forms a part of the circuit. To 
understand this clearly, let us suppose a hatlcry circuit of a con- 
tinuous wire extending from Calcutta, 0., to Diamond. Harbour, 
D. H. f and the wire returning from D. II. to G\, a sine galvano- 
meter being inter posed at D. B«, and a constant battery at 0. 
Distance thirty miles. 

Fig. 13 . 


D.H. 


. The current from c z produces a deviation of the needle nt 
D. H. to a certain amount, say 15°. 

Now cut away the whole of the second wire except a few feist 
at each end, which are connected by plates of copper with the 
damp earth thus — 

Fig. 14 . 



The current not only passes as before, but actually has mcrwiNucl 
in intensity, and the deviation will be found to be double il» 
previous amount. 
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Thus the eavtli has apparently not only acted as a conductor, 
hut has actually given no resistance to the current. 

It is attempted to explain this by stating that the great mass 
of the earth renders it a conductor of less resistance than any 
metallic wire. But many experiments have failed in detecting 
any evidence of a current in the earth between the two buried 
plates. Many suppose that the earth absorbs the electricity eon* 
ducted to it by the wire, find* acting ns a common reservoir, con- 
ducts it no further. However it be explained, the fact is one of 
the greatest importance. It was discovered simultaneously by 
Stcinhcils, of Munich, and by the author of these pages. 
The experiments by the author wove published in the Journal of 
the Asiatic Society of Bengal, in 1839, and extracts from the 
article are given in the appendix to this manual. 

Derived Currents . 

If in a current, C, a, o, b, you, take ttvo points, a b t and' join 
these by a conducting wire, a o b will be the derived wire , and 
a d b the derivation, thus— 

Fig, 15 . + 



If the current is completed hy the earth, as in the case of the 
Calcutta and Diamond Harbour line, and a derivation takes 
place at a to the earth, B t as the earth presents no resistance, 
the case will be the same as if there were direct metallic contact 
between tlie point of derivation, ft, and the battery at c [Fig, 16). 

Wherever insulation is defective on a telegraphic line, there is, 
during wet weather, a point of derivation to the earth 5 and this 
takes place chiefly at the posts on which the wives are supported. 
Where these points of derivation are numerous, hy shortening the 
total circuit they cause the intensity in the battery and underived 
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portion of the line to increase. This becomes a serious evil when 
the currents of each station arc made to pass through its own 
instruments, as is the objectionable practice on all the English 
lines. 



In considering the influence of derivation, it is, however, to be 
remembered, that the electric current, whenever it has a choice 
of paths, distributes itself through all, passing through each in 
the inverse proportion to the resistance it offers. The larger the 
conducting wire, the more of the electric it carries, and the 
smaller in proportion will be the loss by derivation. Again, if 
the current have two or more equal metallic paths to traverse, 
it will divide itself equally between all. 


Fig, 17. 



The influence of the earth in absorbing or conducting tele- 
graphic currents seems to be directly in proportion to tho 
moisture it contains. A river between two stations is accord- 
ingly found to afford far better communication than mere contact 
with the earth, or even immersion in a well. This has been 
repeatedly proved by experiments made on the line between 
Calcutta and Diamond H arbour, in which stations the ofllccs are 
close to the Hooghly river. Shifting the wire from the river to 
a well by its side, is sufficient to diminish the strength of tlic 
signals in a very remarkable degree. 
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Magnetisation by Current* — 'Ike l£lectto-ma<jnet % 

Sited difftns fiom non m containing a definite piopoition of 
ombom Oulmaiy, 01 suit iron* is leaclily lendeied magnetic hy 
contact with a magnetic body, but loses its magnetism as soon 
ns the contact is biokcn, fctcel is mom slowly and difficultly 
i outlined magnetic, but it letaius permanently tlie magnetism it 
lui» received 

ISlcctm, cuuents cncnlatmg tlnough a wnc of any metal, 
remlci this wuc magnetic while the cun cut flows, the mag- 
netism ceasmg the Distant the cun cut is mtenuptech 

By covering eoppci wue with silk we can wind a coppei con- 
ilnctoi, m a spmil, lound a loci of soft non Let the coppci 
wuo he g U th inch m diameter the soft non half an mch m 
ihametoi, and tivo inches long Connect the ends of the spual 
\Mth a hatteiy of one 01 moie of Daniel’s elements., the har 
mstnutly assumes powerful magnetic piopeities. 


Tig 18 



Having tested the polanty of each end hy the poclcet compass 
needle, change the oulci of connexion with the battery, so that 
the wuo winch touched the coppei shall now touch the zme 
aide— the poles of the non bai wiU he found to lin\e been 
reveisod, 

Bi oak. contact with the hatteiy and all magnetism ceases in 
the non# 

Anaiigc two bars so that hy a cross piece of soft non and 
screws they can he placed m a 11 foiin, contact with the hatteiy 
givc^i each leg of the non opposite and power fill polarity. 
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Apply a cross piece of soft iron to the poles, it is attracted so 
powerfully that many pounds may he applied and sustained. 
The weight falls off when contact with the battery ceases. 

Instead of soft iron apply sewing needles, pieces of clock or 
watch spring, or steel wires, to the poles of tins iron magnet, On 
discontinuing the current and removing the steel this is found to 
he permanently magnetic. 

By making the iron cross-piece open, so that the binding screws 
pass through it, as shown in the figure, the legs of this magnet 
can be adjusted to the length of the pieces of steel we desire to 
magnetise. By this very simple apparatus, and a buttery of six 
Daniel’s dements, we are enabled to prepare all the needles ami 
magnetic bars required for use in our telegraph stations. 

Soft iron thus excited is termed an electro-magnet. It is used 
in several most important instruments, It is the chief agent in 
the instruments used in France (Foy’s), in Morse’s, used in Ame- 
rica, Prussia, and Austria; and in nearly all the alarms used in 
all countries. It is employed in the instruments patented by 
Allun, Ilighton, Dering, Brett, and others, in England, Its 
attentive experimental study is therefore strongly recommended* 
All the properties above described are susceptible of easy 
demonstration, The following laws should also be carefully 
learned 

1, The magnetic force developed in the iron is in proportion 
to the quantity and intensity of the current. 

2. The force, if the current he equal, is independent of the 
thickness of the wire or shape of the iron. 

3, Within certain limits, in a continuous coil wound in layers, 
like a bobbin of silk, the external turns are as efficacious as thojeu 
close to the iron, 

4. The total action of the spiral is equal to the sum of thu 
actions of each turn. 

Thus, by increasing the force of the battery so that its intensity 
is augmented twofold, threefold, fourfold, tlic force of the electro- 
magnet increases in the same degree, 

Whatever he the form of the electro-magnet, its force will 
remain the same so long as the intensity of the rest of the circuit 
is unchanged. 
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Electro-magnets wound with long lengths of very flue wh-c, 
say 1,000 yards on each leg, of insulated copper wire ^ inch 
in diameter, are extremely sensitive to feeble currents, which if 
passed through thicker and shorter wires would fail to excite any 
magnetic action on the iron, On the other hand powerful 
batteries fail to excite great magnetic force if passed through 
fine wires. This is well illustrated in Morse’s American Tele- 
graph in which a fine wire electro-magnet receives the enfeebled 
current from the distant station, perhaps 500 miles off. This 
feeble current is just sufficient to enable the magnet to move n 
delicately balanced piece of soft iron. This establishes the con- 
tact necessary to cause a local and powerful battery to pass its 
current through n second electromagnet wound with thick 
wire, ji-inch, and the force thus excited is so great, as to cause a 
lever to strike powerful blows, indenting marks on hands of 
paper, and knocking so loudly as to constitute a very efficient 
alarum, 

The practical question of the length of fine wire to he used for 
telegraph instruments is one which will be better discussed in 
another part of this manual. It is necessary to advert here to the 
fact that in ordinary soft ironmagnets there usually remains a slight 
degree of magnetism after the battery has been removed. This 
is termed residual magnetism, or polarity. It interferes much with 
the efficiency of ninny telegraphic instruments. It is generally 
believed to proceed from the presence of particles of carbon in 
the iron. M. Ilveguefc accordingly submits all his iron to a very 
ingenious process, by which nil traces of carbon are removed, 
and this tendency to residual magnetism thereby, according to 
bis statement, entirely prevented, The iron is placed in a mass 
of powdered peroxide of iron, and kept at n red heat in a closed 
iron crucible for twenty-four hours. All the carbon is thus 
oxydised and removed, and perfectly pure iron procured, 

To accomplish the same object Mr. Dering constructs his 
clectvo-mngncts so tlmt the length is not greater than the 
diameter, and makes them of disks uf iron united by brass solder, 
and dispenses with the cross piece. M, Siemens uses hollow 
iron tubes slit open from end to end, Many other methods lum* 
'been proposed by different experimentalists, most of which have 

o 


2G 


the electric tele or A VII, 

bcQn tried fairly by the author of these instruct ions. In all tho 
same result 1ms been observed. The occurrence of residual mag- 
netism was postponed, not prevented, uud the power of the 
electro-magnet was much diminished, especially in AJr, Daring's 
and M. Siemens 1 arrangements. 

It should not be omitted that M, Uruguct winds his spirals 
roiuul thin brass tubes, and into these drops tin* iron coves. 
Great mechanical facility is thus given for tho immediate ex- 
traction of an clectm-mngnct which may have acquired this 
residual state, and for the substitution of one devoid of perma- 
nent magnetism. 

Velocity of the Electric Current, 

This question is one of the utmost scientific interest, and is 
not as yet completely decided. While Mr. Wheatstone esti- 
mates the swiftness of the current at l>rl8,0()0 miles in a second, 
M.U. Fizcan and Gouuellc declare it to he 100,878 miles per 
second in copper, and b/*7W miles in iron, The American expe- 
rimentalists state it to be no more than 12,001) miles. As the 
lowest velocity is ip finitely swifter than is required lor telegraphic 
correspondence, wc luted dwell no longer on its consideration* 

Chemical Effects of Voltaic 'Electricity* 

To the preceding facts we have only to add a brief description 
jif the chemical properties of the voltaic circuit, in order to pre- 
pare the student sufficiently for the duties he may lmvc to dis- 
charge in I he construction and working of telegraphic lines. 


Fhj, 10 . 



Let Q be a battery of twelve couples of Laniers elements j z w, 
the wire from the zinc sides 5 c to, the wire from the copper side. 
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Let these wires terminate each in a slip of tliin platinum, Let 
these slips he immersed in a glass of water rendered slightly acid 
by a few drops of sulphuric acid,. 

On contact being formed with the battery, streams of gas will 
arise from each platinum— from the zinc side hydrogen, from the 
copper side oxygen gas can he collected in tubes, ami it will he 
observed that the hydrogen is twice the measure of the oxygen. 
'Water lias thus been decomposed into its elements, oxygen and 
hydrogen, by the voltaic current. 

Let a solution of sulphate of copper he placed in the glass, in- 
stead of water : metallic copper will he deposited on the zinc 
side wire. 

If iron or copper he substituted for the platinum plate of the 
copper side in a vessel of salt water, the iron or copper will he 
rapidly dissolved. If a little of the salt called yellow prussmto 
of , potash be dissolved in the salt water previous to the immersion 
of the platinum and iron plates, and without the battery, no 
action is perceptible. But the moment the battery is applied, 
the iron plate causes the surrounding fluid to become of a deep 
blue colour, Prussian blue being formed by the solution of this 
iron combining with one of the constituents of the prussiate of 
potash. 

If a copper plate be used, a fine chcstnut-colourcd compound 
is formed. 

There are many vegetable juices which give a blue colour to 
porous paper, which colour is changed to a bright red by uvula, 
The red hibiscus flower, common in every Indian garden, when 
crushed* gives a blue dye of this kind. Now, if paper he steeped 
in a solution of saltpetre (nitrate of polnssa), and then dyed blue 
by the hibiscus, u slip moistened and laid on a piece of platinum, 
copper, or brass, connected with the zinc Bide of a battery, a 
platinum wire connected with the copper side of the battery, 
drawn over the moistened paper, will give a bright scarlet line 
wherever it touches, and produce no stain when the buttery 
current is interrupted, 

II ow these facts are applied in the telegraphs of Bain, Bake- 
well, and others, will be readily understood as wo proceed* 

i 

c 2 
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PART II. 

CONSTRUCTION OF TIIE LINKS. 

The lines of electric telegraph to he constructed in British 
India, as at present ordered, are to extend from Calcutta to 
Agra, following the valley of the Ganges to Allahabad. From 
Agra the line will proceed hy Delhi to Lahore, a brunch miming 
from Umbalhi to Simluh on the Himalaya. From Agm another 
line will proceed, vid Indore and Nassuck, to Bombay, and from 
Bombay it will extend across Central India to Madras, 

The exact direction of the line in each province is still un- 
determined, but the total length to be constructed is about 
3,200 miles of double line, 

The countries to he traversed embrace great diversities of 
ground, elevation, and climate, from the almost absolute level 
adhesive clays, or loose sand of Bengal, to the precipices of the 
Himalaya at an elevation of 7>H00 feet, In many districts great 
tracts of jungle must be passed through, Innumerable rivers 
must he crossed, scarcely any bridged; some— such as the Soimti, 
the Hoogly, the Ganges, the Sutlcdgc— equalling or exceeding in 
breadth the chief rivers of the American Continent, Along a 
great part of this immense line, from March to June the hot 
winds blow with an intensity which -stops all day labour; from 
J ime to October the rains pour down at an an mini rule varying from 
78 inches in Lower Bengal, to 120 inches or more on the inferior 
ranges of the mountains. During this period terrific thunder- 
storms are of almost daily occurrence; and in May ami October of 
each year a violent hurricane is calculated upon as a probable 
event Thus the efficient operations of engineering ami Held workn 
are restricted to the line season between October ami March, five 
months at most; so that, omitting twenty-two Sundays, Christ- 
mas-ilay, and some native holidays of obligation, there are but 
120 working days available in each season, 

When to the natural and constant difficulties above spccifhul 
we add the interruptions which in Borne districts and season » 
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rtniBt bo anticipated from the visitations of epidemic disease, 
enough lias been stated to show that cveiy poison employed m 
the consti notion of the lines is cntiustcd with a duty which 
demands lus most sti enuous exeitions Accmdmgly men of stiong 
constitution and steady habits aie those only who can hope to 
letaiii employment The duty is an aiduous one, exposing all 
employed to a lough life and occasional pnvations and ilangeis 
The indolent oi unhealthy must fad in its peifoimancc, and such 
pei sons me Accoulmgly named of the uselessness of then 
seeking employment in these walks, 

The lines will be both oveigiound and subtennneau, in pio~ 
poifcions to be decided b\ siuveys now in execution This 
chapter is dt voted to the oveigi omul lines exclusively, 

The ovugiouml lines to be comtuicted diflfci m scveinl nn- 
poitant pmtieulftis fiom those in England mulEiuopo generally, 
chiefly in icspcct to the wue employed This m England is 
No 8 gunge, ith inch m diameter \ 485 yaula weigh 1121bs s 
being about hve miles to the ton, For India it is lather a lod 
than a wile, It ib No 1 in the Buminglmm gunge, and weighs 
1120 lbs,, half a ton, per mile The diftcicnctj has been sanc- 
tioned by the Government ancl the Com t of Duectois on tha 
cxpenmciital evidence affoidcd by two lines of telogiaph eon- 
stiuctul by the mitlioi The fiist, twenty-one miles long, of 
oidumiy wne, was elected m tUc vicinity of Calcutta, iu Apul, 
1839 * The second, eighty-tw o miles long, extend*, fiom Calcutta 


* Ihc (list lino at ovugionml line of more than one mile was erected in 
I ngland tom Mais lutei, in 1812, and in America six jours lutei, m 
April, 1844 The patent toi a mode of suspending wh os in the an, wan 
taken out by Mr Cooke on 8th Septoinboi, 1842 
The llist mugiouml telegraph lino aetually put in operation In tha 
United States wiib an expeumontnl one, tui miles long, erected be- 
tween Washington ami lifadeiiBbrig, ui Apul, 1811 — Jones Electric 
Ttksmiph, p 00 , Now Toik, 1852 

“ In 1889, Dr O'Shaughnessy conducted an extensive senes of experi- 
ments m India, with the mow to n°coitftlu tlio most Buitablo foim oi elec- 
tric telegraph lor that country To Di O'hhftughnessj is duo the cam mg 
out oi Ui Watson's method, now so goncinlly adopted m Great Britain 
and America, \U , of suspending the tclcgiapluc wires in the nu iioni post 
to post l>r 0‘bhmighues8y erected fm his tolegiaph no less than twentv- 
ono niilos of wne, the wins wao of non They wcio iftstuied to poles 
of bamboo, flUton icot out of the giound, and were made to hang at dis- 
tances Inn n oaili othoi oi about twelve inches 
,<r lliPflo important cxpeihnciils of Di Watson and Dr O'Miauglinesay 
aot the maltci completely attest, and tendered the idea of commmiiLating 
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to Diamond Harbour and Kedgeree, crossing ninny miles of 
swam]! and jungle, and traversing the Ilooglily river 6, 1200 feet, 
and the Iluldec, 4,800 feet wide. 

The reasons for adopting any special form of construction on the 
Indian lines are given in detail under cueli head as we proceed. 

The lines now ordered are to he overground except where they 
traverse great towns, market places, and similar thoroughfares, 
where the subterranean plan will he followed, ltivers will ho 
crossed wherever this is practicable, by wire ropes suspended from 
masts. When too broad for such suspension the wire will be led 
under water, protected hy different methods specified in detail, 
The construction of the lines involves three distinct stages. • 
First, in order to open telegraphic correspondence ns speedily 
as practicable, a single iron rod will lie run across the roiuitr) , 
supported on bamboos, palm trees, gnvnn posts, and other light 
and cheap timbers available in the districts. On this line no 
insulators will he used, and temporary corresponding stations* 
will be opened at such distances as experiment may prove that 
insulation can he dispensed with altogether in wet weather. 
This line will obviously be exposed to interruption by hurricanes, 
and will be to a considerable degree liable to injury by accident 
or wanton mischief. Nevertheless it will afford facilities for 
communication of very great value, and may he depended on for 
use on all ordinary occasions. 

Secondly, the flying or temporary line is next to be converted 
into one of more substantial character. Sixteen lofty posts of 
the best timber procurable, each shod with an iron screw pile 
penetrating three feet into the ground, will be erected to each 
mile. On these posts insulating brackets of great strength will 
he secured, and the iron rod braced up by screws so ns to be at 
the lowest point sixteen feet above the level of the ground, so as to 
allow of laden elephants to pass under the lowest part of the line* 
Each post will be provided with a lightning conductor. In 

intelligence between distant points, by moans of electricity, no Ion gar 
chimerical or doubtful, bat a matter of absolute certainty .”— jlida Memutra 
to the Military Sciences, part 2, vol, iti j London, 1852. 

l)r, Watson's i experiments were made In 1747, with two miles of wire, 
on Shooter 3 IIUl, near London, Dr. Watson was the first to suggest tlio 
use of electricity for telegraphic correspondence.— \Y, B. O’S. 
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this state the line will ho secure from interruption hy wild 
uuinmls, imri hy the ordinary gales of each season. It will suffer 
little, if ut all, from lightning } and, indeed, will he liable to few 
interruptions hut what may he caused by the wanton ness or 
malevolence of nuin. 

Thirdly, the lines will he completed hy the erection of a second 
rod, so as to permit of the use of double instruments! and to 
meet all the wants of the public and the Government. The 
stations of correspondence will he multiplied, and all the ex- 
perience gained during the first and second stages of the con- 
struction applied to render this as permanent ns possibles* 

Assuming the requisite supplies of stoves to he distributed so 
that field work may commence in October, IH5.J, there should 
he no difficulty in constructing one mile of the flying line dtiiiy 
by each working party during the fine season. Three-fourths of 
the whole liuo may thus he constructed by twenty parties in the 
first fine season, leaving one-fourth to bo completed hy night 
work from time to time, during the unfavourable months. 

FIRST STAGS!-" CONSTRUCTION FLYING LINK. 

Tins will (hmsist of a single rod of ft inch galvanized iron, 
extended on bamboos, palm-trees, guran posts, or any similar 
cheap timber procurable in each district. 

The iron rod weighs 1,TJ0 pounds per mile. It is obtainable 
from the arsenals in coils four feet in dimnetev — each coil con- 
taining nun (punter of a mile of rod in one length. 

The bamboos or similar posts, previously painted with coal 
tar, are to be planted 50 feet apart, three feet deep in the 
ground. The loftier the post the better. 

Knob coil of wire is unrolled and delivered in a straight length 
by a machine, one of which will be supplied to each working 
party. Of this machine a drawing is given in detail. 

A circular frame or drum, on which a coil of iron rod is placed, 
is supported on upright hearings, so tlml it can move in a vor- 
tical plane \ one end of the wire is inserted in the opening 
formed hy the grooves on two horizontal rollers of hardened 
steel j the end of the rod, being drawn through, is secured hy a 
chain and eye-bolt to a tree, or slako, or post, firmly planted in 
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the ground ; and a party of three men then draw the carriuj? 4 '* 
on which the machine is mounted, in the direction in which tin* 
rod is to be laid. This machine, by the labour of four or II vu 1 
men, delivers the wire straightened, at the rate of eight to U* 1 ' 
miles a day. 

'When the first coil is unrolled, a second coil should he 
mounted on the drum, and its end jointed to that of the vod 
just straightened by the zinc ingot joint next to be described. 

Zinc Ingot Joint . 

"* A hook is turned on each end of the rod by a strong ir«»i* 
eye-bolt, into which the rod is inserted for about six incl u *-■*■* 
By bending the rod a loop is formed. This loop, cut across !*Y 
a steel chisel, gives the link, thus : 


Fig, 20 , 



The hooks are then crossed, and the ends hammered down dost* ; 
the hammered bends must now be closely examined, and if uny 
cracks be detected, the piece must be cut off, and a fresh licit 
turned. 

The link is now inserted in a mould, like a bullet moult! ► 
formed of two pieces with a cavity in each, and with hinge* mot 
handles, to admit of its being opened and shut at pleasure- 

The mould being closed, melted zinc is poured into it thmu j^l i 
the opening, and the whole allowed to rest for two minut«'M p 
when the mould is opened, and the ingot trimmed by the chi * 
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The quantity of zinc required for encli joint is one pound two 
ounces. The mould previous to the casting should he carefully 
dried. 

The zinc is to he melted in an iron ladle on the common native 
forge, with which each party will be provided. 

The strength of this joint is so great that the iron rod exposed 
to strain will break more readily at any other place, 

It is desirable to extend the line on the ground as straight as 
can he, and to make all the joints for a length of four or five miles 
before the rod is lifted on the posts, aud the suspension on the 
poles should commence in the middle of the line. The great 
mass of metal at each side thus equalises the , tension, and a 
nearly horizontal line is obtained on posts even 100 feet apart, 
without the necessity of using any bracing screws or other 
straining power, 

The iron rod in this flying line rests simply in a notch cut on 
the top of the bamboo, or in a groove in the palm tree or other 
timber post. The erection of the bamboos, palm trees, and 
other temporary posts, will he in all cases best managed by the 
village house builders ( bildars and (/ramies), a gang of which 
men, consisting of a sirdar and ten men, should he entertained 
with each working party. 

Great care should he taken to keep the line removed as far as 
practicable from the proximity of trees, by the fall of which it 
might he injured. This will often necessitate its being led off 
the great roads, on which the timber is too valuable for its 
shade to he sacrificed for the telegraph line. 

In constructing this flying line, cadi day's work must he 
tested by the European sergeant in charge of the party with 
reference to its perfect conducting power, by telegraphic signals 
previously arranged with the persons remaining at the place 
from which the line commences. 

The portable telegraph for testing the line, and for the use of 
the working parties, is described under the head of “Instru- 
ments,” Sixty European Sappers and Artillery-men have been 
trained to its use at Worley, and three of these men will he 
employed with each working party. 

Before the season of thunder-storms approaches, the ofllce or 

o 5 
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tent at each end of the flying line should he protected from 
lightning hy the following simple method -Ten yards of tlic‘ 
copper wire covered with gntta perehn used for subterranean 
lines, and covered with tape and tar, as subsequently described, 
arc wound in a spiral coil round a piece of light round wood j the 
pnds of the wire turn up and are attached to an upright stick ; 
the coil-piccc has two cross pieces of light wood nailed to each’ 
end, The telegraph rod is then connected hy a popper wire to 
one end of the coil ; the instrument in the office is joined to the 
other, care being taken that the wires of opposite ends do not 
come in contact ; the whole is then floated on the surface of the 


Fig . 21 . 



tank or well which supplies the post with water. A flash of 
lightning striking the line, having to traverse this coil, will 
explode through the gutta-percha to the water, and only so 
small a portion of the electric fluid will pass into the office as 
can cause no injury to the signallers or instruments. After such 
an explosion the gutta-percha coating will be found to be torn 
through for some inches, This portion is to be unrolled, ho as 


Fig. 22, 



to bring it above the surface of the water, and the conductor 
replaced ns before, The whole arrangement is shown in the 
annexed cuts. 
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SECOND STAGE— BlUlENOTUENING TUB FLYING LINE, 

To Accomplish this object, sixteen strong posts of the best 
timber procurable are erected at inter vaU of 8U0 feet. The most 
durable timber which can be procured is to bo employed, ami 
measures arc now being t alien to obtain au adequate supply of 
the iron-wood of Amman, which is known to be almost in- 
destructible by damp, fungus, or insects, It is so hard as to lm 
cut with difficulty by carpenters* tools, Being of great weight, 
its transport in many places will be tedious mul costly* This 
timber will be used ns much as possible in its natural form, 
unsquored, in posts 24 feet high, 5 to (i inches diameter below* 
The thick end is to ho tapered by the adze and plane, ho as to 
fit closely into the hollow iron screw pile, in which it is to he 
inserted in the ground. 

Where iron-wood is not procurable, or cannot bo conveyed, 
teak, saul, or any other good timber, may bo used. In the 
mountains oak and pine will often bo available. Deep-rooted 
trees occurring on the line may be used freely, the tree being 
killed by the removal of its bark, ami all brandies lopped off. 
The toddy palm tree may in many places bo used with great 
advantage, Each post is to bo branded with a number mid letter 
in a conspicuous place, 

Previous to being placed in the iron screw pile, an insulating 
cap and bracket is to be securely attached to each post, thus : — - 

The post is tapered so as to bo 2J indies in diameter at 
the small cud, and 8 indies in diameter lit 7 inehes from the 
top, The wood is to bo roughened with a chisel so as to hold 
the cement by which the cap is to ho attached, 

The cap (%.2,'i) is of wrought iron, galvanized, 8 J inches high, 
10.J inches in circumference above, 124 inches in circinnfcnmeo 
below, its lower edge or rim everted to 184 inches, dosed above, 
and perforated to permit the passage of ft screw holt 4 inches 
long and 4 inch in diameter. Two strong metal studs, :{ inch 
in diameter, and 1 inch long, are riveted on the cap, mm at each 
side of the screw, for the purpose of preventing Intend motion ol 
the bracket to be afterwards applied. 
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The cap being inverted, the cement is thus applied. Three 
parts by weight of fine, cloAn, and perfectly dry sand, with one 
part by weight of the best pine rositl, are melted in an iron pot, 
and well incorporated by stirring, The consistence should bo 
that of thick mud. Enough of this cement to occupy hnlf-tm* 
inch of the cap should be poured in ami allowed to cool, which 
takes about five minutes. 

Fuj. 23 . Fig. 24 . 





The post is now inverted, and its small end placed on the 
hardened cement, so that a clear space of half-an-ineh remains 
between the wood and the cap all round, Melted cement is now 
poured in, so as to fill up this space up to the brim. As the 
cement cools, it contracts slightly, so as to become concave. 
The post must be kept perfectly steady while the cement is 
cooling and setting, which occupies about five minutes. It is 
now ready to receive the bracket. 

The quantity of cement used for each cup is 1 lb. 14 oz. 

The bracket (Fig. 24) is of oak, 1 1 inches long, 4 broad, anil «'I 
deep, perforated in the centre for the passage of the cap screw, 
also perforated at 14 inches from the end for the passage of the 
binding screws for the attachment of the iron rods, and having, 
on its lower surface two cavities, 1 inch deep, $ inch wide, to 
receive the studs of the cap, On the upper surface a circular 
hollow is sunk at each end, § inch deep and 14 inch in diameter, 
to receive the necks of the porcelain insulators, subsequently 
described. 

The bracket is now placed on the cap, so that the studs sink 
into the holes to receive them, and the nut is firmly screwed, 
down, so as to countersink in the substance of the bracket, 
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Tlic post is now leiuly to be mounted m the snow pile , bid 
it is moic convenient to descubc m this place the application of 
the msulatois to be used on the final completion of the double 
line 


2 td 25 I iff 2G 



The itisufuton (Fig 2d) ate of blown stonowaic, gln/ed, and 
consist of tw o ]>ieccs The huger , of the foini shown in section in 
the cut, is 3 inches high, including the neck, 2J inches in dmmctei 
above, the neck 1J inches duunotci, pcifoiatcd veitically to 
allow tli o passage of a }~mck smew, tiavciscd by a gioovc 
f inch wide, mid 1 inch deep, to leccivetho telegiaph iod, and 
hollowed out mtctn&lly, so that aftci it is in its plaec, and its 
binding sciew seemed, the cavity mil) be filled with the melted 
cement pieviously desaibod* 

Thi msulatois me placed in the biackets, as shown, and then* 
binding scicwe put in loose > leady to be used when the line lods 
ate set in then position* 

The line bnulmg saews me 5 nidus long, of J-mch non, gal- 
vanized They clasp the lines seuuely m then place, 

These msulatois me not, howtivei, to be used on the lme m 
the second stage This, it is to ho lcmembeied, affects only 
the election of a single line, foi winch the metal cap Msuhitoi is 
sufficient j but m this case the hiacket lequncs to bo Bin mounted 
by a piece of wood tivo indies thick, fastened by smews, and 
gt coved on its suifacc Into tins gioove, piecwoly ovei the 
centie ot the post, the line iod is placed It lequncs no binding 
sclcw m this stage of the operations, but a second piece of wood 
should bo clcated down on tlic fust, after the iod has been 
placed. 
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Sere to Piles, 

Iron screw piles arc used for the double purpose of protecting 
the timber from decay and insects, and for the great strength 
they afford in resisting displacement by shocks and strains of 
every kind. While two men can readily pull down or displace 
a post of equal size implanted in tlui earth without ft pile, ten 
men cannot accomplish this when the screw is used, without 
the aid of shears and tackle. The screw pile also greatly facili- 
tates the erection of the posts. 

The screw pile to ho employed (biff, 27), 
Mitchell’s patent, is 3 feet 1:} inches long, and 
7h inches in diameter above, hollow, conical, 
its head six-sided externally, round internally j 
thickness of iron, ft inch. It taper* to a point 
below. The screw flange commences close to 
the point, and making three turns, tcrmiunles 
10 inches above the point* The diameter of the 
screw flange nt its greatest width is 12 inches. 

The pile is screwed into the ground, by a 
wrought iron bar, with a four-sided opening nt 
one end, in which the neck of the screw is re- 
ceived. This is called a " spanner.” It is D 
feet long, and fits closely to four sides of the 
hexagon head of the screw. 

The " spanner” is worked like a capstan 
bar, and is very efficacious while the pile is 
not move than 18 inches in the ground. As it is then below 
the easy reach of the men, in this case a round iron phtgi 
slightly tapered, and having a hole through its diameter, 
is inserted in the head of the screw, so that the bole corre- 
sponds with one in the neck of this. The plug i* then keyed 
or bolted into the pile, and sqnavo headed spindles, one, t\vo> 
and three feet long, are successively inserted in an aperture in 
the plug, The moving power is applied to the spindle by a 
cross-bar or lever of wrought iron, 10 feet 8 inches long, having 
a square hole in the centre to receive the head of the spindle. 


Fig. 27 . 
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To screw down a pile, a party of nine men is required. 
One of the men commences by making a hole in the earth 
with a crowbar. This hole need not be very deep, hut, if the 
ground is hard and pebbly, it must be 2 to 2& feet deep. The 
screw pile is then placed quite upright, with its end in this hole, 
and the lever or spanner fixed on the pile to screw it round. 
Pour men arc required at each end of the lever, and one man 
should carefully attend to the screw, watching whether it goes 
down straight, Everything being ready, the men nmv go round 
steadily mid slowly ; there must he no hurry, and care must be 
taken to work the lever as horizontally ns possible. If the men 
press downwards at one time more than another, the pressure 
will make the screw go crooked, It is also a great object not to 
let the pile t€ wabble ” about at first, since this loosens the earth. 

If the ground is very stiff, and the screw bites imperfectly, it 
may he taken up. and the hole made somewhat deeper with the 
crowbar, or a pailful of water may he thrown into the hole, and 
one or more men should stand on the head of the pile, the 
penetration of which is much accelerated by their weight. It is 
essential that the screw pile should he driven in straight, 
because the least deviation will make the post, when fixed in it, 
deviate from the perpendicular. The man who watches tho 
screw must attend to this ; if lie secs that 1 it is entering crooked, 
lie must ait nearly on the ground, place his arms round the screw 
pile, plant his feet firmly before him, and thus draw the pile to 
the straight position. 

If this fails, then the men must, as they go round, press down 
on that branch of the lever which is opposite the side towards 
which the screw is beginning to lean ; or the pile must he 
unscrewed one or two turns, and thus got in straight. Two men 
nt each end of the lever will be enough at first, but as the screw 
goes down tho whole four must work it, and the men should 
remember that tho nearer they push to the end of tho lever 
which is away from tho pile, the more effective will be tlicir 
power. 

Tho pile having been screwed into tho ground within 6 inches 
of the top, the posts arc now to he erected, the intervals being 
exactly 330 feet, or half a furlong— 16 to the mile. 
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This interval has been chosen after direful trial. At tlmt dis- 
tance the iron roil employed ran be braced u]> with ease by t )u- 
straining machine afterwards deseribed, so that the drfhvlh** 1 
from the horizontal line is no more than 18 inches, being (inuridv 
perceptible to the eye. At this spun three men, weighing in all 
over 30 stone (420 lbs.) have been supported on the mil in ill* 1 
centre of the span without causing it any injury. 

A certain number of posts, say 100, being erected, Ibc i ruH 
rod is lifted from the nearest bamboo and placed on the mil m 
of the permanent post. This operation should commence n// / h*? 
middle of the linp , each end of which should be priwimi^lV 
secured to a tree by a chain, or to a log of timber, 8 or ill iW't 
long, placed transversely in a trench four feet deep, mu I • ti*' 
earth rammed in. These fixing points at the ends are to lie hut 
ill temporary use while the rod is being equally suspended on 
the posts. 

The bamboos or temporary timber posts may be now mump'd * 
except one in the centre of the span, lfiG feet from ouch |iih'» 
This intermediate light post may remain while trial is hr in J[C 
made of the greatest distance through which signals rati In" 
conveyed through a line thus constructed. Where the mm n >*1 
rests on the intermediate bamboo or other temporary pod, it, 
to be insulated by being coated with a spiral layer of silk, Mil i>- 
vated with lac solution— thus : — 

A strip of the strong and cheap silk from Assam, llugi(l|ii»i'i , i 
&c., 1J inch ivide and 3G inches long, is saturated with u sulu**- 
tiou of shell-lac in wood naphtha (pyroaeetic spirit). This nt vi J ► 
of sillc is wound round 24 inches of the rod smoothly in 
spiral, overlapping one-half in each turn. This is repealed till 
a double layer is formed. 

When this- dries, it constitutes a flexible iicm-coiiriiirliTijr 
coating, which does not soften by the sun’s beat, ami in md. 
affected by rain. 

This silk and lac coating is also given to the rod where it vrat^ 
on the permanent posts. t 

When a supply of the silk and lac solution is not pvmumiHlt'* 
Madras cloth, or any similarly strong and porous fabric, nmy he 
used instead, being saturated with pitch softened with u wmull 
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proportion of tar, This is, however, by no moans equal to the 
8-ilk and lac envelope. ' 

The rod, having now been placed in its position, is to bo 
cleated clown on the bracket anil secured by four screws, ono 
in each corner of the cleat, great cave being taken that the screws 
do not touch the iron rod. 

The post and bracket should now be painted with a mixture of 
Giujun oil and any of the earth paints, such as the Gem inittee f 
or coarse Armenian bole, common in the Indian bazaars. Coal 
tar may be used, but white-lead, copper greens, or other metallic 
paints, should he carefully avoided, 

A lightning conductor is next to ho attached to each of the 
permanent posts. This conductor consists of a piece of iron rod, 
the same as tho line, inlaid in a groove in each permanent post, 
penetrating between the .post and the screw pile for at least 
6 inches, ami G inches below the metal cap turning outwards, 
so as to keep G inches clear of the line rod, and then project 
G inches above the post, The conductor is secured in its place 
by three iron staples driven into tho post at equal intervals. 
The ends of the lightning conductor are to be pointed and tinned* 
If galvanised iron be not available, common iron rod, painted 
with coal tar applied hot, may be used instead, 

Besides this conductor attached to each post, each river line, 
every office, and all the instruments, have special forms of pro- 
tectors, which will be subsequently described, 


TIIIIU) STAGE— PERMANENT DOUBLE LINE, 

A double line is regarded ns essential, finally, to allow of the 
use of instruments, which cannot be worked with a Bingle lino— 
to permit of long or through correspondence with distant places, 
free from local interruptions— -and to enable one line to bo 
exclusively devoted on certain occasions to the transmission of tho 
despatches of GoVernment and of public departments. 

The extension of the second rod is effected, as in the ease of 
the first, by the straightening machine already described. When 
the joints are nil made, the rod is to he lifted on the bracket, 
and the first rod removed from tho centre to one side, where it 
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will rest on the groove of the stoneware insulator, the 
screws being dropped in loose j and preparations arc now in&dii 
to apply an equal strain to both rods, so as to bring these into 
& parallel and level state. 

Wherever a strong tree is available, 
it can he made ums of in the straining 
operation. If it he necessary to strain 
on one of the lino-posts, four strong 
props should previously bo applied, 
to prevent its being drawn out of the 
ground. The post is on no account 
to he notched for the props, but a 
cast-iron clainp is to he screwed round 
the post, aguiust which the prop* 
may lean. A post, the collar, and two 
of the props, are shown in the nr* 

company in g cut (Pig. 28). 

The operation of straining is very greatly facilitated by the use 
of temporary intermediate props? As the flying line will afford 
a largo supply of bamboos or other light, timber, these may ho 
used crossed, like “ shears, or the supports of lines for drying 
linen. The greater the number of- these employed, the easier is 
the straining, ami the less is this liable to injure or dislocate tho 
permanent posts. 

It is necessary to state here as prominently ns possible, for tho 
guidance of the artificers trained this year at Warley, that iho 
strong straining posts of oak, of which four were used on the 
experimental lines, were employed solely on account of the short- 
ness of these lines, and such will not be med in India. It is thu 
more necessary to advert to this, as the straining posts nfc 
Wftrley were nil perforated for the passage of the rods, while no 
perforation ciui he permitted or is required in India, where thu 
length of the lines allows of the straining faring comnu'iiml hi 
the centre, not at the extremities, and the dying' line affords such 
an abundance of temporary props as almost to render straining 
unnecessary. 

When required, it is best performed hv the erection of it 
temporary but very substantial straining post of suul or tenh 
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timbei 7 01 8 indies squaic One of these* placed on a tuick 
with foui wheels* should accompany each paitv The beam is 
22 to 21 feet high, shod by a sciew pile G feet long, and has two 
gioovcs at top, 4 niches deep, to lecuvo loosely two donblc-iyt 
bolts, each 12 inches long, of halt-inch galvanised non The 
post is ejected imdci the lines at a place convenient to* the 
election ot the scaffolding, and at the lowest pmt of the line to 
lie biaced up The post is seicwcd 0 feet in the giountl, and 
its top uses between the two lmc-iods, which aic then lu inly 
clamped to the post by two powuful smews* vvlneh pass tlnough 
it fiom side to side* The suew-elmnps aic 4 mi lies apait, and 
n wedge of non is iliiven m between, to aid m pi eventing the 
slipping of the lod 

A platfoun oi scaffold of loose poles and bom da is now elected 
about the post to suppoit the woiknien and the stmmmg appa- 
intus The post uses above uml between the lods to the height 
which the line is to be when biaced tight up 

A shaming seicw' and vice, shown m detad in the cut (Fig 20), 
me now seemed on the post below the eye-bolts by the non mm, 
and both lme-iods aic seized in the puvs of the double v ice, 
winch is then sciew ed up by the winch, thus burning the 
wiles two icefc Tlie jaws of the stationaiy vice, tlnough 
which, pieviously loosened, the mds have moved fucly me now 
tightly sci owed tngcthoi, so ns to ictam the mds while the mum 
sci tw anil moveable vice mo loosened and 10 tinned fur another 
journey 

The ])oi turns of the lods between the moveable aim and tho 
post me now m loose loops lx tween the post-clamps and tho 
atationaiy vice B\ itlaxing one of the post side-si lews, tho 
loop may be la ought up so that it can be out in the eenlio 
between the side-sou w r s, and each end he passed tlnough the 
eye-bolt lasting on the gioove at the top ot the post 

A second journey of the Inuemg seiew should now be made, 
the poition jif the 101 I gained secured, and the s appaiatus tinned 
m the opposite dnechon, to stiam on the othei side This aUci*- 
note stunning should be earned on till tbo line is biaced, so that 
the lowest pait subject to tho atumi shall be 10 feet olui above 
the giound, 
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Temporary props being now placed under the lines near the 
straining post, this is removed. 'Hie ends of the rods arc 
into lioolcs on the eve bolts, and an ingot of zinc is carefully cunt 
over each hook, in the manner already pointed out. 

FUf. 29 . 



The temporary props and scaffolding arc now to be taken nwny 
Tins straining operation is to he performed as sparingly m 
possible. Moderate curves on the line are not objection**!*!*? 
AH that straining is required for is to elevate the lowest piir 
above sixteen feet from the ground, The application til* tli 
straining apparatus once in a mile will he amply sullieiciil. 

During the straining, men should look carefully nloupc til 
posts, half a mile at least at each side, to prevent any lm'Uin 
of the rods on the iusuktors, or distortion of the brackets uu 
caps. When the bracing is complete, the screw bolts on tl 
insulating caps should he screwed tightly up, and melted eeiiuM 
poured into the cavity; Anally, a layer of cement, omi int 
thick, should be poured all over the top of the bracket. 

OVERGROUND UNEB IN ENGLAND, 

The English overground lines are constructed in all in stun* 1 
along railways, The wires are of "best common” iron* 
vanized, five miles to the ton, The posts arc of fir or lurch, t J 

GO yards apart, from 10 to 25 feet high, to Q im ltOH 



dmmetei, pcuctiating 3 to 4 feet into the j?imuiu 
quaitei mile, on scvual line a, ait shaming ]K>*ts 7 to I tl im lu 4 
&quuit with latchet wluel wmdeis foi tightening tlu ">** 14 
In the lints comtmcteil by 
Mi C V Walker, tilt dis 
tmguishul supciintuirtcnt ot 
tlie South I astern distucts, 
tbt wnes nit attached to the 
po^ts by suit him lets, as 
shown m the dinning {Fig 
30) Mi Wallcci s msulntois 
ftitof blown salt ^Wid stout fa* T 
wait ot the houi glass shape 
shown Tlnongh these the 
wm is thitadid and is luactcl 
up ti^ht w itbout any fastening 
Hit muilato! itself is bound 
to the backet b) sucial tiuns 
ot wm passed outsult the 
nauow put of the insulatoi, and ontncl/ imtoimi 1 U il wilh tin 
tcltgiapli wnc within 

Mi Walku has latcl) enclosed tlie wins unit msulnlum w\u it 
no moit than torn me used, m a tlmi wooden 1 hi\, Uhi n pi^ t mi 
house — and this system, lit mfimns me, giM s 1110,1 i tin Im 
insulation 

iht chief objection to the horn ^lass nlmpi cl < one u 1 * tin n lm- 
bihtj to fiactuie E\ciy sevcit stoim displuct s Hum m uujmjc 
numbus and then the line must be tut to tlm ml cm m w c mu s 
oi a much wcnlvti fouu, open at the sick, iniivl Ik i mplnvi rt 
In India this foim of toue could not lit unplopil vut h u fu 
ence to the weight of the nou toil, nml tlu mums ni limit uniff 
tins at each post But fchcic is anothci ohju turn- — in l In liability 
of all such hollow cones and smului opening** to In limit up by 
spidcis ants, wasps ancl countless, othci insects, Kiimi nlimisi 
micioscopic, winch hll up almost immediately evuy tttln in 
cicvitt to winch they can gam access * 

* Blowpipes, rlai ionet reeds mouth pieces of pipe s ftp , h ft nil n In),)" 

ioi ft tow clti) a, mo commonly found to lio filled uji In vli i n iujuhsi i 


in/ nn 


• ' . 1 

I' 


' I 

terti 






if) 


rt*fc<w 



THE ELECT lit C TELEGRAPH* 


The pigeon-house tops would he objectionable with us, for the 
accommodation these would afford to sparrows, the Iutli an 
minalt or starling, to squirrels, tree snakes, &c. Even on t.ho 
Hastings lines the writer 1ms seen the straws of sparrows’ nc^ts 
protruding from more than one of the boxes. 

Mr, Walker’s ingenious lightning protectors will he 
appropriately described under the head of Otlice arrangemmitH* 

On the Eastern Counties, Great Northern, North-WoKtui’iii 
and Southampton lines, and all those under the management 
Mr. Edwin Clarke, the tines, as regards the posts and wires, ilUfer 
in no important degree from those just described* 

The wires arc attached to cross brackets, ns shown in the 
figure, 

The insulator is a very strong stone* wave hook, open iii tins 
side (see Fit/. 31), so that the wire can be placed on the U<>»>1* 

without threading, mul 
the hooks can ho 
placed in case of hr dic- 
ing, without cutting 
wire* This is further se- 
curely fastened to 
insulator by turns «f 
thinner w ire , tw i * tv it 
round the hook ami lino 
wire, like the wire* tm 
a soda-water or olmm- 
paguo cork round tho 
neck of the bottle. They are also further secured by soldor. 

It is attempted to keep the neck of t|ic insulator quite d vy by 
an inverted cap of zinc(ffy,31), and the efficacy of this iivrangc- 
ment is strongly asserted, especially with reference to dews and 
fogs. 

On Indian lines these zinc caps could not be used, on account 
of the objections already described in noticing the hollow couca 
adopted by Mr. Walker, 

On many of the English lines the traveller notices n parent 
number of wires. These are used either for as many diflfiorunfc 
stations, for each of which a constant communication nwiy he 
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desirable; or to enable, on busy commercial routes, double or 
treble, or even tenfold, the messages to be transmit Uni which 
ft single line could convey. 

The English lines arc, on the whole, too slight mid fragile for 
imitation. Every gale damages them in exposed situations* 
The joints in the wires arc, gcncvully speaking, made with hut 
little care. On every line the writer 1ms examined he lias, in 
many cases, seen joints merely of twisted wive without solder. 
The association with railways is, lastly, a cause of very common 
interruption. Every time a carriage or engine gets, off the mil 
the telegraph lines are damaged j and it thus happens commonly 
that when their functions are most urgently required no signals 
can be transmitted. The insulation is very imperfect, niueh 
inferior to thufc in France and Prussia; and the ilislinico of 
direct communication in bad weather much shorter than need be 
the case were a better system adopted. 

In the lines between Dublin mul Galway, Mr. I Ton ley employs 
insulators of thick gutta-percha plates; but as this substance 
softens to the consistence of honey under an Indian sun, this 
method requires no further observation hero. 

All the above objections are so strongly felt — with reference, 
moreover, to eiremn stances detailed under lliu bend of Ihv subter- 
ranean lines — that there is now a strong tendency in England to 
abandon altogether the present mode of construction— to adopt 
the subterranean plan— or to make use of the common roads, 
employing lofty posts, ami more substantial materials of every 
land, as we shall presently tind is done in Prussia, mid still 
more remarkably in Piedmont mid in India. 

The total length of telegraph lines in England in August, 
1852, was about 5,500 miles, extending from Dover and Ply- 
mouth, on the south, to Dundee and Glasgow, on Dus north, 
and from Lowestoft, in the east, to Holyhead, in the west.* 

FRENCH LINES. 

The following remarks on the con struct ion of the French lines 

arc founded on observations made, under full olllcinl Alt' i lilies 

* 

* British Almanac, 1858, p. 01, 
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on the linos connecting Boulogne aiul Paris, and Paris and 
Stvaslmrg. 

The lines are nil overground, except in the principal cities, of 
galvanized iron, No, 8 gauge, supported on fir or poplar poles 
•from 12 to feet high, planted 4 feet in the ground, the poles 
pickled in a solution of snlphale of copper, which, by the expe- 
rience of six years, has been found a perfectly efficacious pre- 
servative. The poles are painted a pale yellow colour, and nrc 
150 feet apart, The number of wives is never less than two, 
but several wires are frequently supported on the same poles. 

In Paris, for the local service of the ministerial offices — the 
police, the fire brigades, and the military posts — wires arc led at 
immense spans over the houses and streets, across the squares 
and the river, the distance, in some instances, being over 500 
yards— for example, in the span from the Prefecture of Police 
across the Seine, to the corner of the Mint. 

Along the quays, from the esplanade of the Invalides to the 
fortifications, the lines are erected on light east iron columns, 12 
feet high, let into the stone masonry of the parapets, and each 
column carrying a top of ash or other tough wood, six feet high. 
On this wooden piece the insulators anil wires are supported- 
The average cost of each of these compound pillars is 121 ) francs, 
say £&, The weight of iron is 233J lbs, avoirdupois.* 


Insulation , 

On all the French lines insulation is now effected by means of 
inverted cones of white porcelain, 2£ inches deep, highly glazed. 
Within each cone an iron hook is inserted, on which the line wive 
is suspended. The hook is twisted once or twice round the wire, 
so as to secure this from displacement by lateral strains. The 
iron hook is cemented into the cup by sulphur, for which 
M. Vinchent, the director of the Belgian lines, 1ms judiciously 
substituted a cement of sulphur and iron, which sets to the. 

* The extrnoi dinary vise in the pice of iron since August, 1852, renders 
»t difficult to set a fair value on iron work at present, but in common 
states of the market the posts abo^e described might bo cast and shipped 
for fourteen shillings each* 
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iron post is erected, parry mg an iron plate, having as many maud 
apertures as there are wires, and through these apertures tin* 
wires pass without touching. Lightning striking the line 
having to pass through these holes, flashes off to the iron plate, 
and thus escapes harmlessly to the earth* 

This contrivance is further found, according to M. Toy’s ex- 
perience, to intercept to a great degree l he natural and induced 
currents of electricity flowing through the lines* 

This is an object of great importance. In India we have 
found that in all the telegraph lines running north and south, 
in the finest as well as in lmd weather, a strong natural current 
of electricity is always flowing in the lines, Thi.*» current deflects 
the needle of the galvanometer telegraph hard up to the west, 
and k accordingly the same as one from the zinc side of a battery. 
It is strong enough to give magnetism to soft iron, and when 
reversed it strikes deep blue stains on chemically prepared paper* 
On the east and west lines it does not exist, as far as cmv oppor- 
tunities lor observation have extended. 

Again, every distant thunder- cloud affects the line by i>tdnrt- 
tioih and every flash of lightning within at, least fifty mileu, 
without striking the line, causes an instantaneous wave of in- 
duced electricity to flow through the telegraph system. Thin 
wave is often so intense ns to cause very startling effects in tins 
offices— sparks snapping with the noise of detomttiug caps- - ' 
smart shocks to incautious assistants— deviations and demngo- 
ment of the needles — and permanent polarity in the electro* 
magnets. The alarm bells arc thus commonly rung at night by 
the induced effect's of thunder- clouds, the lightnings* of which 
arc not visible at the station, and which do not even approach 
the telegraph lines* 

The line ami induced currents now described have caused great 
difficulty in all the first trials of the Indian telegraphs, Unite 1 * 
the head of instruments this will again come under notice. M. 
Toy’s system seems likely to conquer the dillicuHy altogether. 
One of the first special experiments to be made on the Indian 
lines will accordingly he the trial of a sufficient number of lUts 
interceptors on M. Toy’s method. 

But as lightning discharges can never he toluUij withdrawn or 
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earned off by anj lateral eomluctoi, M Foy piovuks tin outside 
ot cadi office with a special appm itus of much i flioaev 
A box of cast non, 18 niches scpiaic, opening m limit, is pin- 
Aided with wooden shelves, one An each Imo The box is iou- 
ncetul with the cmtli by a lope of non who led into a well, uul 
ending m a coppci plate On ciuli wooden slfclf a tlmi eoppu 
wnc is anaiiged so as to gne about 100 tin ns, at cadi ol wlutb 
it pu suits an acute angle close to the side of, but touching, tin 
non box A lightning tluige uiteung the box has to tiavel to 
and fio on this line, and at evei\ turn the slnup point i giu oil 
poition of the cbm go to the non box, and nem hj the whoh ihn 
passes to the eaith bitoic it can ontei tin ottice, 

In the ofiiccs fuitliei piemitmns me adopted foi t neh mstin- 
ment, wlmh will he subsequently desouhed 

A mtam numbci of M» Foy’s non boxes will In piouded ioi 
tnal and obscivation on the teiei>iaph olilocs utpieiuit open m 
lien gal 

It is, at the same time, hut fan to state, that up to tin > 
time the niinngcment* on the Calcutta hues huvi sufficed (o 
guaullhe offices and signnllei s against all suious mjiu i , although 
n tingle not th-weatm exposes them to gieaiei dnngoi tlmn would 
tin stouns of an entnc yciu, such as those expiucmcul m 
JSnoIand 01 ui Fiance 


hiawon ComuioH Roach, 

bevend lines exist m Fnmoe on common Kinds. The poles m 
such enses nic much lughei than on the uulwnys, Intuiuptions 
me seldom suttmed, men mpiuods of gi out political commotion 
On common loads a wntilmmu is employed at i\uv ninth 
mile 

The ciossmg of nvcis is in Fiance mviumbly effected b) hm i 
led above watci and along the paiapcU of the budges The 
Rhino is mossed at Stiasbmg on posts elected on the ice gumds 
(fn w-c/lace?) above the budge ot boats, between kthl and the 
Fiench side 
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THE EAIJEN LINE. 

This at present extends from Mimhehn on the llhinc, via 
Cnrlsruhe to Kohl mul Stvasburg. All despatches from Trieste 

for Paris mid London 
, now come by this route, 

mid arc repeated eight 
times on the way. 

The line is oi copper 
.wire, the posts very slen- 
der, mid of t he most com- 
mon wood, impniuttirij 
but 100 feet apart. 

The insulators are of 
a very coarsely glared 
earthenware, cemented on the lop of the wpnvbv plaster of Paris. 
The wive is twisted round the neck of the cap. Where two 
wires are in use, one is carried on an iron bracket at the side of 
the pole,* 



Baden Lightning Conductors* 

These ore on the plan devised by Steinheils of Munich, 
several years ago. Similar contrivances on a much smaller 
scale have lately been patented by Mr. Dering in England. The 
officers in charge at Carlsruhe speak of their cllicieney in high 
terms, 

Two brass plates, each' 8 inches in diameter, and each con- 
nected hy a strong wire with the earth, arc placed, one at each 
side of, parallel to, hut not touching, a similar brass plute con- 
nected to the telegraph line. Lightning discharges explode 
across these plates and proceed by the outer ones to the cavtli 
without causing injury to the line, station, or instruments. 

These plate conductors are used at each station, and placed 
just over the door, so as to be sheltered from rain mul to be easily 
accessible. 


* These insulators nvc ecood in principle, but the material very bad. 
Mr, lloumc, of MaecloslieW-atroet, City W hart- road, Loudon, now makes 
thorn, from tho patterns given bit a l>y iho writer, of Urn tlncst brown 
blons-ware for 5d. each. 
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A very mnrph* modi fi cation of this apparatus is used in the 
Indian ofliucs, and is described under llmt heath 


Frankfort to May once. 

Tint Nation lino terminates in one direction at Frankfort, from 
which oily a stunt branch extends to Cnstcl, opposite Mnyence. 
'l'ho line is constructed in a very faulty and objectionable way. 
Tlio posts ure Miorfc, slender, and weak j the line, a single copper 
wire, unstrained, in many places hanging loosely from the posts. 
Vuv homhitiou the wire rests on a notch on the top of the pole 
in it fold of Inilbwuhher. A piece of painted tin plate forms a 
pent' roof, over the entire. No lightning conductor 4 are seen 
along the line. ( )n the whole, this was the worst lind which came 
under the writer's notice. 


I*' in* 3L 
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These lire- iidminddy constructed in every way, and are well 
seen nt IXul/, opposite Cologne, from whence the system 
iiuttute* to Hanover, 

Holgiimi, mid Herlin. 

One of the inwt inte- 
rest mg branches is the 
one now in construction - 

IVoui Cologne 1» Kln'ini- 
1 irr it Mein, opposite to 
Tobl on/., along the com- 
mon road, and about dt) 
miles long. It i* m- 
I ended chiefly for the 
transmission of military 
despntehes mid flu* cor- 
respondence between 
Herlin itiul the King's 
‘Mivmnm 1 paluee at Ktol- 

th '' . IUnlU '' 20 f t b ;„i, (j inches diameter, 

Tlu ' »" W '^1 “ !! !T above gronud. 



'0 Z l w timbev, painted above ^onnd 
ZXs'lL «W cute* the earth. The insnlatovs avc ot white 
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porcelain, indies high, wide below, i inch thick, very 
strongly supported on thick iron brackets, in the manner 
shown in the annexed figures. Each post carries a lightning 
conductor of pointed copper wire, connected with the ground. 

In solidity and insulation these lines are the best the writer 
has seen, and arc stated, on high authority, to he the strongest 
in Europe. Twelve carbon elements, without nitric neid, work 
the American instruments between Cologne and Berlin, 590:} 
miles, without repetition of the signals* It is gratifying to add, 
that in massiveness and strength, and quality of material, the 
Indian lines will still far exceed the Prussian, leaving hut little 
doubt of our communicating distances, without repetition, ex- 
tending to a proportionately greater length. 

BELGIAN LINES* 

At Verviers the Prussian system terminates, and we again 
meet that of Prance, Belgium has no special system of its own, 
Prom Verviers to the French frontier the French mode of con- 
struction is followed. Between Brussels and Antwerp, and in 
the direction of Holland, the posts and insulators are the a nine 
as on the English lines. 

THE AUSTRIAN LINES, 

These are described, on good authority, as closely resembling 
the Prussian lines. In both countries the subterranean system 
has been extensively tried, but abandoned, owing to the exces- 
sively bad quality of the gutta-percha covered wire. (See next 
chapter,) 


PIEDMONT. 

In this country, which the writer proposes to visit on his re- 
turn to India, it is stated that some of the telegraphic arrange,-* 
ments are of a highly interesting character. Prom Arquala to 
Genoa, the wires have been carried from mountain to mountain, 
over ravincs.of vast depth, and are supported on masts distant in 
some places more than three quarters of a mile apart, while oe- 
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cnsionnlly tlicj r pass underground, as the level of the country may 
require. M, Bouelli is the engineer.* 

' THIS AMERICAN KINKS, 

These are exclusively overground, even in the largest cities* 
where the wires are carried over the houses. The first line was 
constructed in 1844. There nve now over 18,000 miles in full 
work. There are two distinct lines between Philadelphia mul 
New Orleans, about 2,000 miles distant. On most lines a single 
wire is Used. Lofty pine spurs are employed, with glass hell- 
shaped insulators, of the same form as those figured under the 
head of Bnilen, In dry weather, and during frost, the American 
lines convey signals through distances of 700 to 800 miles. But 
the most recent writers state positively that, in rainy or foggy 
weather, ,f no reliance can be placed on any line in (he country” 
To the use of glass insulators this failure is ascribed, us these 
arc stated to condense and attract moisture move than any other 
imnkting substance* The writer we quote from recommends 
the trial of shell-kc and wooden brackets. f 

We shall have to revert frequently to the American lines in 
the sequel of this manual. The interruptions there experienced 
arc chiefly from tornadoes, thunder-storms, and the falling of 
lofty treejb—cniiiudt.ks very likely to visit enu* Indian lines also. 
At present, in America, each company employs men to guard 
their lines, hi the populous districts of the north, one guard is 
stationed at every forty or fifty miles. In the dense southern 
forests the guards are stationed at intervals of every twenty 
miles, and their duly m to examine the lines incessantly, espe- 
cially after x forms. J 


In concluding thin notice of the Indian nnd other ovci ground 
lines, it is desirable lo state in detail the facts and reasons which 
have led to the selection of the heavy rods of 1,120 lbs. per 
.mile, instead of the wires employed in other countries, 

* British AfnuuutCi IMA, nrt. « Electric Telegraph,” p, 41. 

t American Tchji aph Mtajazine, New York, No, 8, 15th December, 
1852, page 128. 

1 Join's. “Ilwtorkul Sketch of the Electric Telegraph, New York, 
1852,” page &3. 
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h\ the lines constructed by the writer in the vicinity of Cat- 
eutta in 1838-30, with ordinary wire, it was found that fractures 
were incessantly caused by violent storms, by lightning, hy 
swarms of birds, and by monkeys — by rusting— atul by mis- 
chievous persons. 

In 18o(), when orders weni given to construct n lino to Diamond 
Harbour, partly subterranean, partly overground, no wire was 
procurable, but there was un abundance of rod iron of f-iuch 
available in the Calcutta market. Being in lengths of only 13 feet 
h inches, ditlicu|ty was experienced in welding it up ; still the: 
line was rapidly erected, and BO miles of such material are now 
hi operation. These lines have withstood the terrible hurricanes 
of the 24th October, 1851, and the 14th May, 1852, without n 
single fracture. Swarms of birds occupy them without damage. 
If blown down, cattle, carts, buffaloes, and even eloplumts, pass 
over them without injury. Monkeys, described iu the latest 
official reports, as being almost as large as Bengalees, swarm on 
the lines near Kedgeree. The, rods cannot be broken or out 
without the use of smiths’ tools, Rusting causes but inap- 
preciable harm. Owing to the great mass of metal, the rods: 
present so little resistance to the elcclric current, that nu in- 
sulators whatever are required on the present lines, through 
which we work without interruption during tropical deluges of 
vain, with batteries of from two to six elements of platinum wire, 
In point of expense, the rods now adopted cost on ouv present 
contract but £7 per mile, and we obtain them now in lengths of 
i-mile, so that the difficulty of Avoiding is obviated, All these 
facts arc on official record in the reports of the several officers 
employed on the Bengal lines. An extract from that by Mr. 
Siddons, dated Calcutta, the 2ml June, 1852, well illustrates the 
subject : 

“ The telegraph is going on as 'veil as l conUl hope for under circa in- 
stances which have occurred since your departure), 

u On the night of the Uth May, Calcutta and its vicinity was snwvpl . 
by one of those devastating hurricanes which visit India onco in flfty 
years. I must refer you to the newspaper files, which I suppose to bo 
easily procurable in uny of the large towns in England, for particulars 
regarding this cyclone. I may, however, as well mention that wo look 
uron this hurricane as the most furious ever remembered in Calcutta. The 



1IMIK H«UIH COMI'-AKKH WITH WIIIK'- 1,1 

i n T (Urlr fur nlKtil hi-i'm nml ■' 

- ^Sr 1W fks ImlMliii!*. T» y»" *■«■»" > * "f \ "' ‘ " J' \ 

, B oldcf.mmlMwlrt h.H. .4lU-l U 11y r^i-ri-l •* 

BMW, boom ihnunnmln «( lull*, Hlul til- il. «ln»l | -H "> ■»' 

niubi'c «f I "’ 1 '' 1 »f Hn 1 'i 1 * 1 W 11,1, 1 ‘ 1 ‘ “i ' 1 

onurtmoiit mrlnl »«« «l»M hlnU If* .*Hk: 

rjijeltoll.r uf kiln nml eiww. nml (ht'w mill hwo ll* i«.l >■ ""li ii'.v . 

«iu Lila rviupmiinli, cif (irl'nUi Ikwkv In mUilUi M » 

nmil to mliHlmillw Uwi «n' human 111** him >-iV •»> 

jul nttunt Tin- iililudrii; milli<rr*l MW-ivIy »i li* ' lh 'l h ' •*'*■' 1 ■■■•• 
a Btnnwly n jdiniwv, hjiulntli, i r ilhij:*'*' Ii’IimiImJiii', i'll" <’ 1,1 “H' 1 > ,l '" ll11 ' 

nnk va liml Irmn l*r. I.’lni-ni.in I'm mir rimi-I I"'*' » » im 'i'h. • i* 

itnoPU Ibfl Ibit wrn 1 , 

tt Nov* Ip muni fn liurrU'nim. Tim «ln«1 V ■* ihr 

)*mVXH«bo4w^ii llm lilnni wliiTii 1 1i-I Iri.n i“‘l '‘I'tl" •* I'nm IV mnl- i • 
ffrouiiil Umo iinl nhlUni-ir.', U nh> il.-«h«i>-nl nuwy m H.* l ■■■■!>- •■'.>* 

Lbb 1 »W, Uhl In nilhrt llm nhilkuMmii i' UMilm- im>l M< I- il-mi 

part ul 1 Ibt 1 IhmU'lwwi IU/4iln|mfi' nml .Mnrajmi.’. Urn M* «\t hi-i.i u- 

porrt till kinkI h'ri'Wi bn-, whm liny li H» li -liitl.m tin v l 

tolibr«l Lfti4« liUnminl MurUmr Him mi In Ci'liiilt*, wW> li **lli»u«>1 ». i/ r , 

0vt Hmrt thu* kttir'tiM-lHmrw ihfi’M/jrf’Mi h* M|» lU‘ »«>n.iiiuirl** i0» n j 
ojnl IW Ihn Knl^(*Ti*o Uih) Wild In full vu,rl, p1 m, Wi‘ »li«l “Hr rr.ipl* lit ||, 

and i^idiTlfil all tlmtUnuli'm wHh Hfi’Bt nhl.li li i-l 

oulililn. Fi»r llirpfl ilayd, our iittWn pn-J'iii*'! a rmUin »•*. n« h* , 
OUllUa of llm otiW) : tlw ilnu-l i i.imkd hkili •■.uiinn s l-«, i »• -< 
anil ovcty iUmTlpilo*» «f Yi‘li1»'U, ullb |HUH.1 rni^M.n->li iin..Uhi f . o.i„ 
bnlldlius vlilHi itcm jiltirnrilrnl *1 Ihn mmn vinm . Uwl." 
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PART III. 


CONSTRUCTION OP SUBTERRANEAN LINES* 

Before wc enter upon the exact and practical details of the 
various stops to be followed in the construction of that part of 
the Indian lines which is to vnn underground, it is necessary to 
give a sketch of the history of the subterranean system. 

In perusing the published accounts of the progress of the 
electric telegraph, wc find that nearly every one whose name is 
associated with its advancement has attempted to employ the 
subterranean in preference to the overground method. 

In 1809, the illustrious physiologist Soemmering proposed the 
construction of an electric telegraph, consisting of conducting 
wires, each to ’effect chemical decomposition, and to be laid in 
glass or earthen pipes, each wire insulated with silk. 

In 181G, Mr. Ronalds, of Hammersmith, constructed a tele- 
graph line, partly subterranean, the wives in the earth being en- 
closed in glass tubes, surrounded by n wooden trough filled with 
pitch, He proposed the tubes to be buried six feet deep* 

M. Trcbouillct, in 1828, proposed an electric telegraph to In? 
worked by a single wire covered with slicll-lac, then coated in 
silk, and afterwards with resin. This insulated wire was then In 
be buried in the earth, in glass tubes, carefully luted and joined, 
so as to be water-tight.* 

In May, 1837, Mr. Cooke took out a patent for an electric 
telegraph, the wires of which were laid in iron pipes. This wan 
constructed on the London and Blackwell Railway, and was sub- 
sequently tried, with slight success, on some short lines else- 
where. 

In April, 1839, the author, in a paper published in the “ Jour* 
nal of the Asiatic Society,” proposed a subterranean line fur 
India, to be constructed of wire, coated with pitch and cloth, mul 
buried in a trench two feet deep, along the common road. 

* The Electric Telegraph, By Edward Iligliton, C.K, p. 57. 
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In 1812, lbotesaoi Jacobi coustiucted n subti n nnean lme 
fiomSt Pcteishmgh to Tvaishoebocio, tlic vv iu s wci e e oat ed i\ ltli 
Indian-mbbci, and fuifchei encased m glass tubes * 

In December 18 Id, Moxsehnd ulme ol ten indosundcigioiuul, 
m leaden pi])Cs } on the loudbetu een Baltnmne and Washington 
Although, m nil the attempts above u foiled to, the it suits 
^cic unsuccessful, tluough huluit of insulation-mid although 
the ov oigiouad s>sUm lutioduccd by the untei in 1H.W, and 
subsequently piitmU d by Mi Cooke, m 1812, Ik tame umv ei a,d)\ 
adopted m Emopi and Amcuca — neveilbth ss, tbemuiq obvious 
advantages of a good subtenant mi system mdi Kid many tele- 
giapli tnguiuis to (ontuuie then attempts m fins dilution 
The discoveu ol gutta-poiclm, by I)i Montgoineni , ofSmga- 
poie, in 18 Id, lus supplied the mntcHal by the usi ol vihich the 
object so long sought is non successfully accomplished It u oulil 
be tedious and piotitlosb to deseuhe the stvual stages of alUi- 
Hating faihut and sueitss m the eflbits to use this invaluable 
substance ns an nisnhitoi foi subtemmum lines r l lie most ie- 
niailvable timl was that by M Siemens, an eminent engmuu m 
the Piussum sen ice, midci whose tin actions some bundled miles 
of wne, coated mth guttu-peidin, ueic laiel down m Piusun, in 
18^9 and 1850 The guttn-peichu uuid mis, hmvevu, munpo- 
lated mth siilplnu, and tins nmtiue jnoved fatal to llie umlei- 
talcing '1 he lines faded altogether and nse now henig loplnted 
by olbus on the ouugimmd system '1 he guttu purlin envoi cd 
vine act emli ugly ii 11 into geneial disiepute, funn vvlueli it pi a- 
bftbl} would neui have bum usuied, but foi llu peisoveintieo 
nml skill ol Mi Stnthmu, the nunngoi of the Outta-pudin 
Company ’s milks m I omloit II y close mul pntunt study of the 

maternal, mid hy excluding all lulniivtiucs of nlhcx subsUuiees,Mi ♦ 
ktathmn succei de d at length in piodnemg ccijiti d v\ ne, the i \< cl- 
lence of which 1ms beui conclusively domomtudul by the per- 
fect success of the suhnmime fcelegmph line non m opunlmn bi- 
tumen Dovu and Calais 

Lo pirn oniMit dts fib t ontUiclonrfi dam* Vai\ »* ( ct nifiin pis allot lmu 
nintal Uit ion hous tcuo cat le stul movou pm fait } nuns itumetiiUuMonuiio 
nm (Its mtuhtes ui*mn vie, In ncrcHSit^ mi jo me num liuiixtfd-tt m r uu iijjm 
do teUpuimiv imitifome "— > tllu fum >1/ Juwbi to M iim/wt, omlut m 
JJe Muujno's I /ui/ct, i ml uht t p ‘JDl 
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The introduction of wire coated in this perfect manner is 
effecting a great change in the construction of telegraph lines, 
But the high price of the article, and the heavy collateral ex- 
penses attending its employment, prevent, at present, its uni- 
versal adoption* For the Indian double line, the overground 
method is found less costly than the subterranean, in the 
proportion of 34 to 60, amounting to a difference of ,‘£78,000 
in favour of the overground line, oil the scale and to the extent 
sanctioned by Government, 

Costly though it be, according to the present rates of manu- 
facture, there arc certain localities in which the gutta-percha 
covered wire must be employed, especially in India, 

In the great cities, such as Agra and Delhi, it would he found 
exceedingly objectionable, with reference to the lmbits of the 
native community, to attempt to lead the linos above the houses, 
as in Paris, or even in tlicir close proximity, as in the American 
cities, And in many great thoroughfares, where elephants and 
camels pass in considerable numbers, it woidd he impossible to 
protect telegraph posts from dangerous collisions. 

The gutta-percha coated wire 1ms been accordingly adopted 
for use on the Indian lines to the extent of about 700 miles- of 
single line. We have, therefore, to study in detail the properties 
of this remarkable substance. 


Properties of Gutta-Percha* 

Gutta-percha is the milky juice of a large tree, the Isonanrlra 
Gutta, extracted by incisions in the tree, and dried before the 
sun, or by evaporation at natural temperatures. Little care being 
observed in the process, the gutta-percha is much mixed with 
particles of bark, shreds of leaves, and oilier impurities, and is 
delivered in commerce in blocks of an irregularly square shape, 
and various sizes, of a yellowish brown colour, and containing . 
from 10 to 25 per 100 of moisture. Heated to 280°, it melts, or 
rather softens, to the consistence of treacle , At 140° it is still - 
soft, but very tenacious and adhesive, and kneads together into 
a consistent uniform mass. At ns low a temperature ns the 



fil 


i&orniwir* ox t.w’iA-nrTicnA 

fice/iug point it continues flexible, and fiee fioin liuUU'tu^s, ni 
tcmlenn to Hacking When ]mi ilied, it w totnlU insoluble ni 
natcv 01 spmi ot wine Jt is not mud upon b\ a< ids, uUviriu s, 
01 safine solutions, ami is insoluble m lived oil H iUhn ll °^ 
unite with melted wn\, suet, min, m pitch It i* 'uj diietAi 
uhen soft, hut not elastic 

In < hunienl {(imposition* gutU-puchu is neaily tbu hiuh ns 
caoutchouc, m Indian nibhu. 

Like C lOUh limiC, it IS dissolved by hill) dun u* ctliiii 
liquid hjitiOHaiboiis, (hloioimm, mul uctdud oil of imp* bliu ( 1 
from all of which solutions it is icunnahh in its migund Mute , 
but guttn-puchu thus ilr^ohtd and ucoveud bieouu * wlnkrdt 
and buttle attci ft shoit tune* ami censis to he npplK ubk b>i l hi 
nmncHHis piuposcs ninth, whin pupated us sulisouiu'iiOv 
bribed, it is so pcifcrtlv ftdnptul 

When biul horn unpimtios by the pioeiss of mamiliutiue 
aftcinmds detailed, gultu-pcidm has been jnavul to nnnniu 
totullv imaHuiulin flush watm fm fom jems, in suit waloi, lm 
moio than twoyoais, in net cm tin foi hveyems Those Intis 
denote the gieut piohahdity of its contnuung unclmngid >u tin 
fiione media fm mi indefinite pcuod 

Of all snhstimcch ut subjected to opcumcnl, {'itUu-pt t< bu 
pun os to he the best msulutoi 01 uon-noiulm tui ui olotdi uni \ 
Ciumidumc and shell-lac apjuoach it uciucst m thH uiont 
Aidiiublc pioputy Asphultion* pit<h, and iho icsins, nui Ini 
iiifeum to gnttn-peiolm m insulating pouoi 

As fm as i!\punneiU has jit bicn cunicd, it is not nltiudu'd 

by white ants oi othei indent liHuts, bur, like nil t us teb hs miU- 
stancea ol ds consistence, it is liable to ht gntnuid by uds mill 
mice 

Guttn-peiolm is collected m unions lucidities m tlu> Aluliiyuu 
AiUnpehigo, ni Borneo, mid nil the adjacent islands, 
is the in nit honi which it u* evpoitcd to Innopu, ium l tin* <|imn- 
titv evpoitcd now amounts to d,lN)0,lMHHbH« uuniudlv* It# 
price* dehvuul ni London, duting the lust yom, limgi d Jumi 
j£A l<h dd, to M 1 4s< Od* pei lumduai-w eight# It is ia\ 
fiom duty 
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Manufacture* 

The first object is to free the mule giiltn-pcvchu from tin' 
impurities above described. This is done by cutting the block* 
into thin slices by a heavy wheel of cast iron armed with blades* 
like those on a carpenter’s plane. The wheel revolves with 
great velocity by steam power. The blocks fall on tlm knife 
edges from an inclined shelf, and the shavings are carried through 
openings in the wheel* 

The slices and shavings are next placed in warm water in uu 
iron cylinder, within which a abaft revolves armed with nnmn nn* 
knives, which cut audtearit into shreds. Most of the impurities 
arc thus separated, and full to the bottom of the cylinder, 

The shreds arc now boiled in an iron trough, healed by steam, 
and are thence removed and dried, In this state they are com- 
pressed by a piston in a hot iron cylinder, through numcroun 
layers of wire gair/c, and arc thus filtered from all remaining 
impurities. 

The gutta-percha is now kneaded in cast-iron closed boxes, hy 
massive fluted rollers, kept hot hy steam, which thoroughly 
incorporates the mass, and expels all adhering moisture. AVhon 
it ceases to emit vapor, it is removed from the boxes in a choru- 
latc-coloured, ductile, wax-like mass, and is now fit to be applied 
as a coating on wire, to be rolled into sheets, which may be nunU 1 
as fine as tissue paper, and to be compressed into objects of 
infinite variety of form. 


Covering of Copper Wire . 

The wire used is No, 16 of the Birmingham gauge, Out* 
English mile of 17G0 yards, weighs GO to G3 pounds avoirduptun , 
The wires being mounted on a reel, one end is made to pu*^ 
through a brass or steel conical die or guide, centered exactly in. 
a brass box. A brass or steel tube of conical shape, uihiIiihi-m 
this die, leaving an interval of the thickness of the guttu pnrbu 
. coating. Through this interval the guttu perchn is s<puT*<ri 1 
from a brass box, opening into a cast-iron cylinder licated by i% 



JOINTS* 


63 


steam jacket, by a screw impelled hy steam power* The wire is 
at the same time drawn through by a workman, who winds it up 
in the covered state on a reel placed at the opposite end of a 
long trough of water kept at the ordinary temperature of the 
air, mid through which the coated wire is delivered* 

The wire lima obtains successively two coats of gutta-percha, 
and these arc applied of different thickness, according to the 
object for which the wire is required. 

That adopted for use on the Indian lines is No* 3, double 
coated. The weight of guttu-perclm on tin English mile is 110 
pounds* The thickness of the double coat is -ft inch. The 
diameter of the coated wire is ;} inch, Its price on the present 
contract is £Yl 10s, per mile. Wire included, one mile, 1760 
yards, weighs 176 pounds =10 yards per pound. 

The wive thus prepared, at temperatures varying from the 
freezing point to 130°, is free from adhesiveness, so that when 
coiled up it is not .liable to the turns sticking to each other. It 
may he bent to an angle, however sharply or suddenly, without 
cracking, Exposed to the sun's mys it softens rapidly. At low 
temperatures it is still so soft that it may be cut through by the 
pressure of the nail. 


Joints, 

In preparing a continuous line of coated wire the joints re- 
quire tin* most minute attention. 

The wire itself has to ho united metal to metal. The coating 
has to he joined in a perfectly continuous muss of guttii-perclm. 

The gutta-percha is first stripped off from tile ends of the 
svires, which are to bo joined together, to the extent of about A or 
f) inches. The copper ends are then well cleaned with sand** 
Jmper, to make the solder adhere, The wires lire now placed ho 
ns to cross each other at right angles at the middle part of each 
’copper end, leaving 2 inches of w ire free* A man now holds the 
wires, where they cross, firmly with a pliers; another man takes 
itold of.the free end of the wive («) turned towards him with his 
fingers, and seizes the end of the other, wire (on his right hand 
fade) ijith a pliers; he then twists both ends round each other 
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in u slanting direction and evenly, for three turns, taking cave to 
koe[» the omU of the wircq, ns he turns them, at the same angle. 

06 , lie next nips off the 

jL’Jfl cuds of the wires quite 

SL'ifiJ • close, ami files them 

Ij'M down, until no sharp 

mjjtf point projects upwards j 

WjP after which he dresses 

| the. joint straight with 

# ^ | ^ j. r gentle taps of a small 

| The joint is non 

« | gently heated over i 

spirit damp, and moist 
cued with a solniion o 
the chloride of zinc to make the solder unite. This done, th 
joint is touched lightly with a stick of bismuth solder, unti 





“While the wive is still warm, the ends of the. gutta-pere 
should be pointed off conically by pressure of the fingers alo 
the wires, which will assist the after work, Wlum the joi 
has been soldered, the ’man takes a strip of gutta-jpirc 
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leaf about t n^h broad, nml having; gently to armed over this 
spirit-lamp the joint and hare wire, he immediately applies ouu 
end of the si rip on the pointed mul of tlus gutta-perelm, uml 
wintlfl it round the wire and joint to (he pointed end on the 
other side* Kuch turn should overlap the other nhont onc-liulf. 
This first covering must ho pressed well on until it gets cool j 
lifter which its surface is very (j cutty wunned over the lump, atul 
u sgcoiuI strip of leaf i.s applied, in a direction the reverse of 
the first one, When this lias cooled, u third slip of the loaf isi 
wound roituri us he fore, A piece of i inch thick "nit a pen'll a is 
next taken, made soft by naming;* and then placed so that tho 
parts covered hy the strip shall run along its middle. The two 
sides of this piece are then pressed upwards with the foredhigcv 
and thumb in a gradual manner, So as to make the piece adheru 
firmly to the coils of the leaf, and also to the pointed part o! 
thi? original gutlu-pcrelm, which must he heated su uh to ensure 
perfect adhesion. 

Tin* uupcrlluous parts are next cut oil 1 with a scissors j u hlunt 
steel hhule is heated over the lamp, and with it the joints of this 
lust portion of gutta-porelm are worked up together, uiilil no 
trace of n fissure or joining can he seen anywhere. The fools 
must not lie heated too much, to avoid hunting the gnttu-pcrelni, 
and the workmen’s *lm mis must he free from any dirt, oil, or 
grease, which would prevent the surfaces of guttu-perclm from 
uniting together. 


/'Vf/.iH, (hj. JO. 



The tools employed in making these joints arc supplied to 
eneh working party in u chest, containing n spirit-lamp and wood 
unphtlm, which is tlm best source of heat for this purpose j* 1 ' n 
blow-pipu is attached to the spirit-lamp, and is found very useful 
In directing the flame of the lamp on tins wive joint while judder- 
ing. Blunt pliers lor bending the wire's \ u hlunt hlnde for 
pressing the warmed guttii-pcrclm to a smooth surface j scissors 

* Hpirit of w ine may ho used, but oil uiusO never ho employed. 
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ami pointed wires, are also included. A stock of gutta-percha 
leaf and sheet, sufficient for 150 joints, is given with each cheat 
( See invoice list of contents of tool-chest, given in Appendix), 

Where the gutta-percha wire is coated with lead, as is subse- 
quently described, the joining of the wires is effected in n differ- 
ent way, which will be pointed out ass we proceed. 

, Testing Coated H ire. 

Before any wire is made use of on the lines, it must be tested 
on the spot to ascertain — 

1. If the metal be continuous. 

2. If the coaling afford perfect insulation. 

The test for the first is passing the current from one element 
uf Daniel’s battery through the wire placed in circuit with the 
sine galvanometer described at page 7* The ends of the coil of 
wive arc freed from gntta-pcrclm for one inch j one end is con- 
nected with the copper side of the battery, the other end is 
connected with one terminal of the galvanometer coil ; the 
second terminal of this, h, is joined to a wire which may be made 
to touch the zinc side of the voltaic dement at pleasure. Each 
contact causes the needle of the galvanometer to deviate hard 
up to the stop, . * 


Fig. 41 , 



To test the perfect insulation afforded by the coating of gutta- 
percha, a more difficult process is essential, We shall iiwst 
describe this as it is actually performed at the gutta-percha; 
works in London, where it bus been applied by the writer to nil 
the wire manufactured for the Indian lines. 

The battery employed consists of 360 cells (30 acts of 12) of 
the sand and acid kind. 
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The wire to be tested is submerged for 48 hours in the cnnnl 
ndjiireut to the* factory* 

The metallic ends of the submerged wives are led into the 
olljcro, and u phite of copper, 1), connected with tins copper side 
of the battery! is immersed in the canal. 

The zinc side of the buttery is connected with one ternmml of 
ii galvanometer, 31. For this the sine galvanometer described at 
page 7 nmy ho employed, 

The second terminal of the galvanometer, lb is left free, so 
that it nmy he touched at pleasure by the operator, holding either 
ciul of the contort wire under trial. 


i'Vj/. <1J, 



The ends of tho wire to be tested, 0, II, are kept out of tho 
water and perfectly dry. If the current of tho hat l cry bo now 
punned into the wire from the zinc side, through Use gnlvimomo- 
ter, it is obvious that the needle will be permanently deflected 
if there be any fault, however slight, in the coating, ns the cur- 
rent will pass through the coaling to the water, nud by tins water 
to the hummed plate 1), buck to the battery, 

In testing 110,000 yards of wire lima prepared, on tho 1st of 
November, 18f>2, no permanent deflection whatever took place 
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demonstrating the absolutely perfect insulation by the gutta- 
percha coating,* 


(t Charged” Lines . 

Bui it always is observed that the moment contact is made 
between one end of the wire under trial and the battery, H 
the galvanometer being included, the needle deviates for an in- 
slant, and then returns to zero, or flic point of no deviation. 
This is the result of what is termed the charge among telegraph 
operators, the nature of which must be adverted to here in some 
detail. 

The more perfect the insulation is, the more remarkably is 
this charge observed. It is caused by the inductive action exer- 
cised laterally (as noticed in page 3) on the applied copper con- 
ductor, and by this on the water, also an electric conductor, by 
which the copper wire is surrounded, but which are kept from 
contact with each other by the insulating coat of guttn-porelm* 

The wire being rendered, say positive, by contact ,vuth the 
zinc side of the battery, the water in its proximity is render oil 
•negative by induction. The positive electric charge seeking to 
meet the negative, actually penetrates to a curtain though very 
minute depth into the substance of the gutta-perclm coating, 
Unable to pass through this, it returns to the copper wire under 
trial, but enough passes as a wave or current, through the gal- 
vanometer, when contact is made with the battery, to cause tlus 
deviation of the needle for a single beat. 

The attentive observer tracing the diagram will see that there 
is no complete voltaic circuit formed. The occurrence is one of 
cliavgc and discharge , in the wire itself. The same takes pin on 
in the Leyden bottle, when its inside coating is charged by con- 
tact with the prime conductor of a common electrifying machine. 
In ll^s instance the inner coating gf tin-foil is separated from 
the outer coating by glass, ns the copper wire is separated from 
The water qr earth by gutta-percha. It U found, too, Llmt tlio 

* Iho Prussian Government allow a loss of j J„tli part of the ehustrUi 
current employed in testing for ouch mile of wire, with this laxity hi 
testing It m not surprising that their subterranean Hues should lmvo failed 
altogether, ' 
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charge penetrates more deeply into glass than into I he gutta- 
percha. Glass accordingly retains the charge longer, and parts 
with it move slowly. With a gutta-percha coating the discharge 
or recoil is instantaneous and complete* Jf the wire were coated 
with glass, and this immersed in water, the discharge would he 
grmlunlj and would accordingly interfere seriously with the trans- 
mission of telegraphic signals. 

This fact of chary e aud discharge is noticed very remarkably 
in working the subterranean line, which extends from Calcutta 
to 11 i slit np ore, ahont 12 miles, along the Diamond Ilnrhour road. 
In perfectly dry weather it is not observed, hut when the. earth 
is wet, in the rainy season, a single contact of the line with the 
battery at Calcutta charges the line, so that when the Calcutta 
telegraph is turned onto the line (as in receiving an answer from 
Diamond Harbour) the chary o causes the needle to deviate in 
the same direction ns if n strong signal heat had come from 
the opposite' or Diamond Harbour end of the circuit. 

If several contacts be made in the same order, that is, so as to 
vender the line, say 11 or 4 times positive in succession, as occurs 
in signalling letter D, by four heats at one side, thus 

//// 

it is found in wet weather that the return discharge is so strong, 
that it is necessary in the last letter of the last word signalled 
to give one opposite and supernumerary heat, somewhat pro- 
longed, in the contrary, say negative, direction, thus : — 

// //\ 

to neutralize the positive state of the line. M’ith this precaution, 
which the signallers very soon learn the necessity of, the answer 
iug signals are received without the least confusion. 

The line referred to is insulated by a triple coating of Minima 
cloth, impregnated with pitch, and is further encased in a melted 
(foment of saml and rosin, averaging one inch in thickness, Its 
taking the charge is the best proof of its good insulation; hut 
the slowness with which the discharge takes place* denotes n 
facility of penetrability which would cause the application of llna 
system of insulation to fail on very long Inns. 
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As the testing of the wives is host accomplished hy a current 
of the great intensity produced hy a vast number of couples, llu) 
sand and acid battery is the best for the purpose ; hut it is 
manifestly impracticable to provide such a cumbrous apparatus 
at every station where a piece of eonted line may he under trial, 
With the following simple apparatus, however, a current of 
sufficient intensity may he generated hy three or four of Daniel V 
cells, to test the wire as certainly as by the series of JtfiO 
couples, 

fty 43. 



Around a hollow cylinder of wood, 1 inch in diameter and 
4 inches long, wind a spiral of silk-covered copper wire, ifolh inrh 
in diameter, and let this winding continue till four layers, nr 
50 to GO feet of the thick wire arc wound on. Let the tenuiusds 
be connected with two screws, a find b. On the same bobbin, 
and in the same direction, wind 200 yards of the finest copper 
wire, covered with silk, say jjp to T l 8 inch diameter. The termi- 
nals of this wire arc to he connected separately with two screws, 
c and cL 

Within the wooden core place a bundle of common iron wins 
each wive coated with scaling wax* The apparatus is now 
complete. 

Now let a he joined with one cud of a battery of four of 
Daniel's elements, and b be made to touch the opposite) side of 
the battery, contact being made and broken at pleasure. It in. 
found that every time contact is made or broken un.iudut’ucl 
current of electricity of enormous intensity flows in the fines 
wire, the terminals of which, c and rf, may he used accordingly* 
instead of the poles of the battery of AGO couples, employed in 
the experiments above described. It is to be noted carefully 
that the induced current takes place, cither hy contact or «>y 
breaking contact; but if the current of contact is positive, tin* 
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current of rupture is negative, ami if rapidly passed in snem'S- 
aion, these opposite currents would neutralize each other in thu 
clfect on the galvanometer. A steady contact, followed hy 
rupture, each lasting ono second, exhibits the effects on the 
galvanometer, without confusion of the movements of the neutUn 
in opposite directions, Hut these movements are readily con- 
founded with the effects of ff charge” t already described, A 
better test with this instrument is the shock experienced hy 
placing one hand in the water in which the coil under trial in 
immersed, and the other hand in contact with one of tin; lino 
wire terminals, the m;o ml being Joined to one cud of tin; wii '<• 
under trial, The slightest defect of insulation is detected hy iv 
sharp shock transmitted through the coating and the writer, 
through the observer's person, whenever contact is mtidu nr 
broken between the thick wire terminal, b, and the lmttcry. 


MECHANICAL PROTECTION OF COATED WIRE, 

From the detailed account given of the properties of gutta- 
percha, it is evident that a coated wire, buried in the earth, 
■must be exposed to many causes of injury, unless protected liy 
some strong resisting envelope. 

The pressure -of a sharp pebble, or of a fragment of brick nr 
pottery, the gnawing* of rats and mice, the friction of voup;h 
sand moved by the pressure of cart wheels, all these cause jj 
have proved in practice sufficient to injure the guttu-pui’chn 
•coating and expose the wire. 

The obvious diffiouliy and delay which must occur in detect- 
ing the exact place of injury on an extensive line, buried in tlio 
earth, and the expense of opening nud refilling the trench, m e 
additional and strong reasons for giving the coated wire, in tins 
first laying down, smell efficient much as dnd protection as may 
be practicable within the limit of outlay prescribed for the 
work. 

Hcstriotmg our observations at present to subUnTftmin limm, 
mid reserving the consideration of those which are to hu leil 
under rivers or the sea, wc find very numerous plans propimtul 
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or carried into effect for the protection of the wire- ”\Vv shnll 
fn-ht describe those actually adopted, and subsequently 1 W*)* 1 ’ 
proposed, but not yet subjected to trial on a large scale. 

Lmlut Tubes, 

After many failures in attempting to coat the guttn-] 
covered wire with lead, Mr. Clmttcvtun lms succeeded, urn l i |llrt 
patented a process by which the coating of lead is applied 0,1 
the gutta-percha cold, .'300 miles of this wire have been lu< *.*!>' 
placed underground by the Danish Government, 

12d miles of wire thus protected have been ordered fr<mi M l '- 
Cliatterton, chiefly for use in the great cities on the lino** * lir * 1 
as Calcutta, Agra, Delhi, Bombay, mid Madras, in uliitdi * S| < 
wire will be buried at a depth of three feet, in order to hvomI * l * 
much as possible the interruptions and inconvenience ol“ [V<*qiH‘Ul 
openings of the ground in such crowded thoroughfares. 

The leading is marked .’3 13 in Mr. Chat terton’s scale. ** 
weight of lead is 13 cwt. 3 qvs. per mile; cost of leading:, 
per mile; thickness of lead, i inch; diameter of ctmtiul ' viri ' 
leading included, l inch. 


Fig. 41. 



The article is delivered coiled in drums, each contain tujjr 
yards; weight, drum included, 4Sf> lbs. The reels nro uh»>u 
1 foot thick, 19 inches in diameter. At this curve Mu* Din 
uncoils readily, and without injury, the drum being liimintm 
on a temporary axle, with hearings and a supporting iWmu*. A 
the coils arc hut 500 yards in length, each mile of Ibis lim* wil 
require three joints to he made, both in the gutta-pcvrliit im 1 
the lead tubing. This operation is a very delicate utul itiIm p ii 
one, and should in all eases be performed under the eye trf th 
principal superintendent at each place* 

The joint in the copper wire is not a twisted one, us Imfor 
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described, as this would prevent the leaden tube to be subset 
fluently used from passing over the joint* 

The joint is thus made : — 

1. With n slmrp and strong penknife blade, and by n cir- 
cular cut, cut through the lead transversely, and strip this off 
two inches from the end of the tube, taking cave not to touch 
the gutta-percha. 

2* Heat the gutta-percha end gently over the lamp, and re- 
move the coating by the linger and thumb to within half <m inch 
of the lend. 

3. Clean the copper wire with sand-paper, and with a fine flat) 
file redacts one end to the shape shown in the out. 


FUj 45. 



4. Over the end of erne of the lines slide the joining tube, 
shewn in the cut. These arc supplied of such diameter that they 
pass smoothly over the leaden coating. They are 5 inches 
long, and an abundant supply accompanies each ease.* 

Fig 4G, 



5* The free copper emls of the wires are now to be joined 
* with common solder, by means of the blow-pipe, chloride of 
zinc, and soldering tools previously described (Fiy.47 «). 

Cu A very fine copper wire is wound in one close spiral round 
the spliced ends, for the length or one inch, and touched with 
'*• — Sbldcr over the lamp, In this step the utmost care must be 
taken not to burn the gutta-percha at either side (/%, 47 &). 

7* The wire joint is now to be coated with three turns of 

* The break lino in the cut serves to show that tlda Is shorter than tho 
actual tube itself, 
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gutta-percha leaf, nnd one fold of gutta-percha sheet, till the 
coating be brought unifonhly and smoothly to the same gauge, 
exactly as the rest of the line. (See dotted line , Pig, 48J. 

Fig. 47 a. 



Fig 47 h. 



Fig. 48. 


8. The sliding tube is now moved over the new joint, which 
should be in its centre. When in its place, an export workman, 
with the point of a pen-knife, removes n shred of the lead from 
the inner edge of the tube nil round {Pig, 4!))* 



9. A soldering tool of stout iron wire is now heated gently 
over the lamp, and with this, and a lino rod of fusible metal, a 
slight film or ring of this metal is run into the bevelled edge of 
the sliding tube, which is thus permanently soldered in Us place. 

The fusible metal is composed of pure tin, 2 oz., bismuth, 
4 oz., pure lead, 1£ oz., melted together, and run into thin rods. 
The bismuth is melted first, the tin then added, and the lend lust. 

The harder or common solder used for the ordinary joint is 
composed of equal parts of tin and lend. 

Testing the Lead Joint . 

This is to determine whether there bo any metallic contact 
between the lead coating and the copper wive, which would spoil 
the whole line. 
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ov ti short line, say of two miles, it is sufficient to use two or 
ie of Daniel’s cells, Attach the copper end hy a wire to tlui 
of the prepared copper wire, about an inch of which is left 
for the experiment, Hound the lead tube twist a turn or 
of wire, and join this to one terminal of the galvanometer, 
■v touch the other terminal of the galvanometer by a wire from 
zinc side of the battery. If there he contact between the 
ted wire and the lead tubing, the needle w ill be permanently 
acted, ami the failure of the line is proved. 

11 this case the joints must bo reopened, and made anew, till 
galvanometer is not affected, and the leaden envelope thus 
veil to he completely insulated from the line wire. 

Sixty Europeans have been trained at Worley to, the mnnipu- 
ons above described, Hut the superintendent of curb circle is 
md to have these joints made ami tested in his own presence. 

Duration of Leaden Tubing Underground, 

Flic duration of the leaden tubing underground depends much 
the nature of the saline matter with which tlie ground is mi- 
Jgnated, The presence of sulphate ,<>f potash or soda in the 
mud retards almost indefinitely the corrosion of the lead, 
Li cli in sea-water, rain-water, or u soil containing nitre or ulku- 
c carbonates, would undergo very rapid disintegration,. 

Ah the soil iii Hcngal usually contains nn abundance, of the 
o testing sulphate of noihi, there is but slight reason to appro 
nd the corrosion of the lead. Hut in all cases the tube should 
: finally wound with a spiral envelope of Madras cloth, two 
chcs wide, saturated with pilch, softened hy fcUoeldinlm tiu\ 
ie spirals should overlap one -half. 

The lube is now ready to be hud in the trench, which fov the 
tided lino should be at least three feet deep. The earth, as 
filled, should he moistened with water, and beaten into the 
encli at every six mchc* hy heavy rammers, 

LINKS LAID IN SAND AND 110K1N. 

At page Gi)'we have already noticed the subterranean line, Hi 
dies in length, front Calcutta to lhshtupore, which, partly lhr 
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experiment, pertly from the want of other material, has bcit-r*- 
constructed in a peculiar maimer, which should be described i> 1 
detail. 

For these twelve miles the lino is made of round rod iron* 
§ inch diameter, made up from separate lengths of 13 foot O 
inches each, welded together end to end, This was first tloi ■ ^ 
at the iron bridge works at Alipore, so as to form lengths of lit HJ 
feet, These, in bundles of ten rods, were carried on men’u 
shoulders along the road, laid end to end and welded up by 
party of native blacksmiths, with a portable forge, in charge of k 
E uropean sergeant, A mile daily was thus done with ease, 

The rod being supported on bnmbou stakes, .‘3 feet above tin? 
ground, was next coated with two layers of Madras doth, Matu- 
rated with melted pitch, softened with a due admixture of tur» 
so ns to form a flexible coating when cool. These coatings were? 
applied in spiral bands, each 2J inches wide, wound round liko u 
surgeon’s bandage, ami overlapping each other in opposite direc- 
tions, so as to give four layers of a pliable insulating euvclopu* 
quite impervious to water and saline matters, not liable to demy 
or to the attacks of white ants or vermin of any kind. 

This coating w'as applied by a native tindal (boatswain); vvitli- 
tivcnty lasaars (sailors), at the rate of 2,000 feet daily. 

To protect the rod still further, chiefly from mechanical injury * 
it was finally laid in a row of thin roofing tiles, of semi-cylindri c*u I 
form (the koprile , of Bengal). These were half filled with i»- 
m cited mixture of three parts dry saml and one paid rosin 1 >y 
weight, and, when laid, tlic whole was filled up with the sm n ia 
melted mixture. When cold, the mass is as hard as brick or sunt l ~ 
stone, and perfectly impermeable to water when welt prepared . 

The sand used for this process must be sifted to free it. 
from particles of straw, leaves, and sticks ; next thoroughly 
washed, to remove clay and saline matter \ thirdly, dried prir— 
fectly, over p furnace of iron plates, heated by a strong firts* 
When quite dry and cool, it is stored in barrels for use. 

The rosin and sand, weighed in separate bags of 10 lbs, rosin ■ 
and 30 lbs. sand, are sent on the road, and melted in iron bowl u 
(kuroijs), on temporary fire-places by the roadside, The mixturo 
is thoroughly incorporated during the melting of the rosin, urn! 
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porncd on tlic tiles fiom non Indies with long handles, Tina 
pmt of tho woik demands the closest attention If cmolmly 
done, the mass is as poioitf as a sponge, It is tedious accoi d- 
mgly, and lcquned 60 men, imdei a Eiuopean seigenut, to lay 
down 1,600 feet daily 

On coolmg, the suifaec frequently shows an -holes left by tlic 
expulsion of gas tlnough the melted mass These holes aio 
sealed up by a little of tho same .cement bcfuic the tuuuh is 
xc filled 

As Btated at page 60, tho maul at ion of tins line is excellent* 
tind its mechanical solidity peifect 3 but its lctention of tho 
electric ahm ye, desenbed m the same page, i emit is it inappli- 
cable to the consti upturn of long lines, Voi slioit special Jmos 
—say of ten miles—- unconnected with any long eueuits* the plan 
piesents scvcinl advantages — not the least of which tho 
facility with which all the ronteiials me pi Deniable in mo#t of 
the native ba/aois 


JJIOIS PROTECTORS, 

Many f oi ms of iron piotcctors have been used. We piorecd, 
as bofoic, to desenbe those at piescnt employed on a Imgc sc ale. 

Gas Pipes* 

The old Elcctuc Trlegiaph Company me nt present laying 
additional lines thurngh the stiacts of London and tlio Now- 
aond, m gas-pipes tlnec nubes m diameter. 

The tunch being opened, the pipes me hud foi distances of 
100 to 160 feet An non wnc, No 8, with a loop at each end, 
is tin embd tlnough the pipe, the ends piotnuluig, mul the emth 
js then filled m at once, 

At cyciy 100 oi 160 feet the pipe* aio aepaiafod by nnmteivai 
of foui feet, wheic tlm tumch icnmms open 
' * The giittft-peiilm corned hud, coated with tape nwlpiUdi, 
m bunches of parallel h hands, mul m lengtlis of about 180 feet* 
is ill awn tlnough ouch length of pipes hy the non wive jno- 
yiously nisei ted, and to which a rope w sec inert 

When two lengths mo tluia drawn into the tube, the enda of 
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the gutta-percha wires are joined, and the joints coated iri tho 
manner described in page 65. 

An iron box, in two parallel pieces, is now placed in tli^ 
trench, so as to protect the joints thus formed. Wooden boxes- 
arc often used instead of iron. 


Wrought bon Tubes. 

These are procurable from lmlf-nn-meh to two inches, ii» 
diameter, four to twelve feet long, with screw joints# A ij-itudi 
tube will receive three gutta-percha lines, not taped. An \uvh 
tube will take four lines, taped and pitched. The linos uvo 
drawn through the tubes in the nmuner above described. Tlio 
present price of 1-inch pipes, according to Messrs. Jones's cir- 
cular, is 7d. per foot, with a discount of 25 per 100 on 
dealings and cash payments, Per mile, 

Flanged Iron r I\tbes. 

These are formed of two semi-cylinders, with flanged udfteft- 
Cno piece is laid in the trench like a trough, the giittn-pevobn 
wives placed in position, and the upper side pi need over und 
screwed on. This is a very effective mode of protection. It. 
avoids the risk of injury to the wires in drawing through cTnsml 
pipes. It enables the wires to be luid with facility in leugtbs of# 
lndf-a-milo, or even a mile, without a' new joint being require! il* 
But these pipes are very costly, bearing a patent or M royalty 
price in addition to tlmt of the metal# 

Cast Iron Troughs. 

These troughs are shown in Fig . 50, They consist of an open 
trough, 6 feet long, 1J indies square, with a socket end, nnd 


F% 30# 




provided with n lid of corresponding size. They weigh dO 
pounds to 2 yards, and receive 12 wives# A patent has, atmugu 
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to say, been tnkcn for this form of trough, and thia elevates its 
price to Is. 5d. per yard, i?124 1,3s. 4th per mile. It has been used 
through London hy Urn Submarine Company, from their office 
in Comb ill, over Lomlon llridge, the commencement of their 
Dover subterranean line, It is also employed by the company 
working Mr. Henley’s patents for the London street works, 
leading to their subterranean lines now in progress to Mini' 
Chester and Liverpool, Three years ngo, similar troughs were 
east for the Indian lines at the Cossipove gun- foundry, tmd 
drawings mo filed in the Calcutta Telegraph Office. We shall 
accordingly employ them extensively* making our eastings in 
the country, when the price of iron falls to ti natural state. They 
will ho found particularly useful at street crossings, for small 
bridges, culverts, and arched drains, in the course of subter- 
ranean lines, 


The Writer's Iron Guards , 

These guards are shown in the cuts, Figs, 51, 52, and are 
applicable to subterranean and also to many river lines, 


Fuj, 51. 



Each piece is a hollow cylinder, 1 foot long, U inch in 
diameter, 1 inch thick, open longitudinally by n bevelled cut, 
inch wide externally, \ inch internally ; diameter of hollow 
cylinder internally, inch. One mul is concave, the other eon- 
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vex, so that, placed in scries, they fit ball-and-socket fashion* 
Each end enlarges to 1$ inch diameter, and is grooved Iran s- 
versely to receive binding iron loops* 

These tubes being laid in series along the trench or dry bed 
of the river to be crossed, a few parallel strands of tarred ynvii 
are introduced into the cylinder, through the side opening, and 
pressed in firm with a piece of hard wood. The gutta-percha, 
wires arc then laid in, and covered with a second layer of tarred 
yarn, also pressed in strongly with the wooden wedge. 

An iron ^-inch rod is now dropped in ami along the opening* 
which it fills up securely, but through which it cannot enter nt> 
us to press on the gutta-percha wires. 

The whole is now' secured by two loops of £-moh round iron, 
applied on the transverse grooves oil each end of the joint. Tin? 
loops are slipped on open, and then bent into the circular form, 
required by a powerful pliers. 

The flexibility of this jointed guard renders it applicable unitor 
many circumstances where a rigid trough could not be uanl. 
Many of the roads in India have parallel canals or trenches llirri; 
or four feet wide, w r ith water enough to permit of their being- 
made use of by canoes impelled by poles, and carrying cargo** 
of grain or merchandise. The Diamond Harbour road gives n 
good instance of this kind. In many such places it will be found 
very convenient to use the guards now' described, They can bit 
applied at the side of the trench or canal, lifted up and dropped 
in without injury to the wires* and they effectually resist any' 
mechanical impact, collision, or friction to which .they may 1 h> 
exposed. 

In ordinary subterranean work, too, these guards enable tut 
to.uso a trench only 6 or 8 inches wide, instead of H to 2 feist, 
a width necessary when men have ta go into the trench to lay 
pipes or troughs. 

The weight of these iron guards is 2 Ihs, 1$ 00 . per foot 
P9 c\vt per mile, at 8s, perewt. «s ^39 12s. to <£40 per mile. - - 

Galvanised Wrought Iron , 

Messrs. Morcwootl and Rogers have, at the writer's request, 
prepared specimens of wrought iron flanged guards and lids, of 



iron iubuon Tunim, 

w)nv\\ (haw mgs mo given Expci iment is lequncd, and will b e 
cruued on m llengab to dctcnnmc the dm ability of tins kind of 

I‘i ff m 




piotectoi m the pound Should it lesist conosion, this foim of 
gumd uni he nuulc up with puit facihty, and nt a vciy mode- 
I'ute piui (fog 5d) 


Win tijwals 

Some miles ol guLtu-peiclm line thus gum ded mo now nuclei 
tl 1 ml m the vuiuity of Calcutta (Fig 54) 


foq r A 



The Rpiuil tubes were piepnicd by coding No 8\uicmmd 
mi non ummlid, J moll in dmmctci The joints were made "by 
/me ingots, as shown m tlu cut 0 inches ot wnc, No 8, were 
allowed lor 1 inch ol guttn-peiolm line The wne gnaidthus 
exists, at piesnif puces, £bi pci mile, which lc^tncts the em- 
plojment ol tins plan to ’veiy few cases A lmc thus picpaied 
is ns ile\ible mid nmu age able as an oidnmiy lope 
Mi Ilenley 1ms just taken out a patent for coating guttn- 
i 4 icu*ha wiu 1 with spnals of tliin galvanised non mic, exactly 
sinulni to I hose now dcsenbed 

h on Bibbon Tubing 

A patent lms been m entl\ taken out by Mi II V Phjsick, foi 
piotecting guttu-peielm vmo ivitli a coating of tinned oi gal- 

h 5 
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vanised iron, applied by a very ingenious machine, In the same 
manner as the metal tags on the ends of a stay-lace. The 
specimens supplied to the writer by Mr, Physick are capable of 
being coiled in a circle of 4 feet in diameter, It cannot be bent 
safely at a sharp angle, or coiled into a small circle, Its unrolling 
is rather difficult, Mr, Physick informs us it is applicable to 
many places on the overground lines, where perfect insulation, 
of much mechanical strength, is required. Its moderate price, 
c£\Q per mile, recommends it to free trial, For underground 
lines, if galvanised, or with zinc protectors, it will last for a very 
long time underground, in any soil impregnated with saline 
matter. In experiments made by the writer in 18*11, under tlio 
orders of the Bengal Government, and published in the Journal 
of the Asiatic Society of Bengal, vol, xii., p. 1070, it was found 
that tinned iron plates were perfectly protected in sea water by 
much smaller quantities of zinc than were required by equal sur- 
faces of iron plate. In brine somewhat concentrated, tinned 
iron suffered no damage without zinc protectors ; but in perfectly 
fresh water the tinned plate was corroded although zinc was used. 

These facts justify a rather extensive trial of Mr. Physick’n 
patent wire, and 20 miles of the guttn-perehn line for Bengal will 
be prepared accordingly in this manner. 

Mr. Phy sick’s apparatus may he used very conveniently for 
coating short lengths of wire with pure tin, copper, or lead, for 
many special purposes which will render its use extremely useful 
in the principal laboratories and workshops of telegraph lines. 

EA11TIIENWAIIIC. 

Glazed earthen pipes of the best stoneware, three inches in 
diameter, are, it is stated, to he employed by the old Telegraph 
Company for the subterranean line they are about to run from 
London to Liverpool, These pipes, cost ^£(>0 per mile. The 
gutta-pcrclm wires must he drawn through them, as described 
under the head of Jron Pipes. 

These glazed stoneware pipes are, in the opinion of the author, 
far preferable to iron pipes. They afford all the mechanical 
protection required, and are totally indestructible by corroding 
agents of any kind. 
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IjotiTiiLCi, the manufacturer of the stoneware insulators, has, 
^ writer^ suggestion, prepared glazed stoneware troughs, 


&X:r* 
tlx 

jeHjl tiiTtl cylinders, with side openings, of all of which cuts are 
Any these patterns can he supplied by Mr. Bourne, 
^*1. |jer foot, or *33 per mile. The rectangular pattern is 
ot ^ 15 f re conun ended, It will hold six taped wires, and may 
e ^ CiiciTtly and strongly closed by a layer of Portland cement, 
* ir \y 0 tli er hydraulic preparation. This sets rapidly, so os to 
L m l nd equate mechanical guard, from which the wives can at 
^ he detached uninjured by slight blows of a hammer. 

Fig, flfi. 



Fig. 66 . 



^nglazcd tubes and troughs of ordinary brick clay, can ho 
re pared on these patterns, in most parts of .India, at an cx- 
eedingly clicap price. from /CIO to £\& a mile >vill, in most 
ocmlitics nac^cit the cost of any form which may be adopted. The 
cctEvugiilai* or tubular shape, open at the side, is to he pre- 
£.i^ipd where hydraulic cements are procurable. The closed 
tildes, or \il\m requiring the wire to he drawn through, arc not 
o ho wscul 'udiou the other forms ran be procured. 

A. very simple, cheap, and effective protection is afforded by 
lomuion liliiH of the shape shown in the cut, grooved along thu 
ioxfctiro, and applied breakpoint fashion, with a thin layer of 
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hydraulic or even common mortar. As the gutta-percha wire is 
in all cases to have an envelope of cither spun-yarn or tape 


Jfy. 58. 







Fig 59. 


saturated with tar, the porous ancl absorbent nnturc of the tile* 
or unglnzed tubes is no objection to their use. {Figs. 58, 51b) 

slate. 

Messrs. Dixon and Co., of the Royal Slate Quarries, in Bangor, 
have, at the writer's application, made up patterns of slate 
protectors, 

These arc IS inches long, 2J broad, 1* thick, with a gromr 
capable of containing G taped gutta-perelm wires. The groove 
is slightly bevelled, so that it can ho closed by a slip of wood 
■f inch thick, and fastened by a peg let through the slate ton l 
wood at each end. The wood is creosotcd. 

These protectors cost £l \ per 1,000, delivered at Liverpool, 
,^38 14s. per mile. Their weight is so great— 29 pounds per 
6 feet = 10 J tons per mile— as to render freight to India mu! 
transit in that country prohibitory of their use j but in many 
localities in England no better protector could be devised. 

WOODEN PROTECTORS. 

In the writer's official Report to the Military Board of Bengal, 
elated 24th December, 1849, pages 25, 26, 27, it was proposed hi . 
lay the subterranean lines in battens of teak, iron -wood, or Him I 
timber, coated with pitch j the timber to be pickled in sulphate 
of copper or chloride of zinc solution. 

This plan is now followed in England on many of the great 
lines, either finished or in course of construction. 


wooden rnoTECTort^ 

The wooden batten* to be «sccl foi one 01 two gnttn-peiclui 
lines sic double (% CO), each 21 inches bio ail, 1 inch thick, each 
fciooud ns slieun m die cut, m any lengths to winch the timber 
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can ho com onumtly saw n h on-wood, teak, or Bind, me to be 
Used whcie piocuuible at model ate puces* The non m cod need 
hot be pickled, nil othei timbei icgimca tlmt opciation , anil 
liny common timbei* such ab pmc, m even mango wood, can be 
femploytd, provided the picUmg be pi op oily pufoimed. 

r Ilic sulphide of coppci is to be puleued in India as tbc 

pickling substance, beer iusc it is easily pi ociu cd <» made m 

localities It is iciy cheap , it is efficient, thwnigh its offensive 
taste,, m keeping off iats and mice, as nell as ants and otliei 
insects. Its piescmtwc piopcities me pityved by long expe- 
dience on tlic Ficncli lines, and by facts obst ned in India 
In pickling wooden battens foi the Tndnm Mtblcnnnean lines, 
the slips of tunbu must fiist umloigo ptifWt diung In the 
hot season this is accomplished by exposine to the ’Him, ami 
beltei ntill to the hot winds In the wet 01 cold seasons, the 
battens an to be placed m an oven, iiml ft emient of hot an 
*ont tlnough tins till such pieces eensc to lose weight This 
opeiafion is essential to the success of the picldmg* 

The pi chic is piepnicd by dissolving 20 pounds of sulphate 
of coppot m watoi m each hough These me pi o curable fiom 
tlio Aitienal of Foi t William, and aio *12 feet long by 1 foot 
Section * r The battens arc picvioiydy [miuiRCil m the tiough so 
tlmt they me 1 inch apuit fiom each other, and htctiicd m then 
■plnccss by stone or buck weights. The eoppei solution is now 
pouted on, and the steeping is continued Uu two days, or until 
tlrn testing pieces show tlmt the wood is thoroughly ponctiated 
by tbc solution, 


* 'riinHO tmugliR founed part of tho stores©!' tlio tiuldttctWryfounody 
nttnehed to tlio Oitfuitta Mint 
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Testing the Wood, 

This is done by taking ft batten, drying it perfectly* 
sawing it across. A few grains should then bo homl nut 
centre with a gimblet, and placed in a liqueur-glass aV x v 
water, iti which nliltlu prnssiate of potash 1ms been 
If the timber ho [‘fleet ually penetrated by the mdiilii »tti 
colour changes by the test to a fine cluttmufc bremn. 

White arsenic dissolved in water may, under Nome rii't** 
stances, be substituted for sulphate of copper. 

Its efficacy in preserving the timber from decay by 
fungus is unquestionable, but it is doubted by numy wind 
white ants, vats and mice, can bo kept off by any 
compound. 

Wherever arsenic is used, the pickling process is the *m»i< 
that above described, G pounds of arsenic in solution Ih 1 
used for oncli trough. The tost is ft drop or two of a kciIhI 
of nitrate of silver applied to a trial boring, and after l In* *il 
test is used the wood is to be touched with the ainpprr o 
bottle containing strong ammonia. The wood iimnt’«liut 
assumes a vivid yellow colour if the pickling 1ms liiru n 
ccssfuL* 

The chloride of zinc is believed, on very strong groin 
bo as efficient a preservative as arsenic j but its pm^m’i) 
detected with difficulty, except by an experienced chemist , i 
its affording protection against rats and mice is cm*t*iliii| 
questionable. 

CoiTosive sublimato should not bo used, ns it is now 
not to be depended on even for protection against white ants. 

COATING WITH TAPE. 

In the lines laid across the Ilooghly and Iluldce rivers, n 
several smaller streams in Bengal, the gutta-percha w iron I in 
been, coated with tape saturated in a composition of wnv %%' 

* TI10 tcsi,3 referred to me included in tho medicine chest MipiHicil 
enca working party, 
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turpentine, the object being to protect the gutta-percha from 
the contact of water. 

In England, for the same purpose, the subterranean lines arc 
now in most eases coated either with tape saturated in tar, or 
served with tarred spun -yarn* 

Mr. Physiek has contrived a simple mid effective machine, by 
means of which one, two, or four gutta-percha wires are coated 
spirally with tape § inch broad, and the spirals overlapping one 
half The wire, when coated and carefully examined, is wound 
off the reel through a trough containing ivarm (not hot) tar, 
mixed with a little turpentine and lime. The lime is added to 
neutralize the acid of the tar. From the tarring-trough the 
lime passes into another trough containing dry sand, through 
which it passes, taking up a Illicit coating, which affords an 
excellent protection against wet, rot, and insects, Whether rats 
and mice will spare it is not quite certain. 

One mile of gutta-perclm wire takes three miles of tape at 
£\ per mile. Mr, Physiek performs the taping on contract at 
per mile* 

Two of Mr. Physiek’s tnping-inn chines are to he supplied 
to the central workshops, and this process, or that next de- 
scribed, will he applied to tlui whole of the Indian subterranean 
lines, 

&)mn~yarn ,^' The lines in progress to Liverpool for the Mag- 
netic Telegraph Company arc served with tarred yarn, by 
machines contrived by Mr, Ilenley, The cost of yam and 
serving is about *£3 per mile. This plan is not ao much 
recommended as the taping ; but when tape is not procurable, 
it affords a very useful and cheap envelope. 

Horsehair Felt, — A coating of tins substance has been, pro- 
posed by Mr. Griffin for the protection of gutta-percha wire. 
It is applied cold in a semi-fluid state, and forced, under great 
prof&ure, through dies. It becomes almost ns hard as stone, 
according to Mr, Gvifihi*s statement, still remaining elastic; 
price about per mile.* 

The writer has not seen specimens of this article, ami doubts 

* Mr. Grilling letter to tho author, September 1, 1859, 
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how far 3t might he depended upon against rodent insects mi 
other vermin. 

AVc now proceed to the important subject of the 
LINES UNDER WATER. 

These consist essentially of one or more gutla-perelm wires, 
taped or served with tarred yarn, and protected from ships* 
anchors, fish, drifting trees, &c., by guards of iron, in the 
form of tubes, chain cables, spiral coatings, or parallel rods. 

In Iron lube &. — Across the Rhine, at Cologne, the lines are 
laid in the river, in a wrought-iron tube, with screw flanges, 
This was prepared alongside of the bridge of boats, and then 
lowered into the river. The plan has proved completely suc- 
cessful. Where there is a bridge of boats, as ufc Allnhnhud 
and Agra, it might he adopted with certain success, if a simpler 
mode were not available. 

Iron Spirals , — A spiral coaling, of which a drawing 1ms been 
given (Fig, 64), 1ms been used in the Hidden river, <1,800 feet 
wide, but found too weak to resist the ground-tackle of tlio 
native bants, by which it has been frequently injured. 

'Parallel Pods , 

These afford a most effective and easily-applied protection in 
all rivers which arc not navigated by ships of heavy burthen, 
and which, under circumstances of danger, may Jiuvc to drag 
tlieir anchors across the submerged line. 

The writer, in 1851 and *62, laid several short lines of this 
kind across crocks and rivers in Bengal. They are thus con- 
structed, The operation is commenced by extending tbo wire 
along one bank of the river, allowing Hindi n 
length as will provide for tlm curve of its bed. 
The gutta-percha line is then nerved with 
tape and tar, as already described, - 
If the stream be navigable, or liable to be 
dragged by drifting trees, the iron gunrdn 
should be of tf inch iron, galvanised. Of 
these, 6 are arranged with the taped gutta 
perclm wire in the centre, as shown in the cut (%, hi), A 
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evciv foot tin co turns of thm wnc, No. 6, rue firmly seemed 
lound tin compound lod. 

ThcMimi lods lui\mg been welded and laid out in the fust 
plan > a mile of tins lmc can he piepflicd with case, without 
maihnuiVj in a woihmg day The cost, necoidmg to the 
puces of August, 1852, stands thus — 


0 non h»K each 10 cwt , at £18 10s pci ton £40 10 0 

(hitta pu< ha, 1 nulo , , 17 10 0 

lupmg 0 0 0 

AN m Im bindings , .200 

1 alwur ( 10 0 

Total pel nulo £07 0 0 


Weight pci iiuh, 8 tons 2 nut 

Tiiese pm allot lod lines can he coiled into G-fcet cncles, oi 
cum Ush, and unwound without injuiy, a piopeity which much 
fueihtutcs then being placed acioss deep nveis by iafts oi boats. 
Whine u budge of bouts exists, oi can be piovided for the pui- 
poKchy lining boats at a icasonable into, the best plan is to 
coiiHtiucl Ihe hue on tlio budge, and then lower it, ns has been 
done tit Cologne, 

Parallel Gum ds> No 8 Wn e 

This is pi opined exactly as bcfoic dcsoubed, using 8 wucs of 
No 8 gah mused non, of the hind known as “ best common” 
*v/ 02 



N\he This js now *C28 per top ?= to 0 miles, The cost pov 
mile will he amndmgly,— 

8 turn guauls . * it.* , , C4fi 0 0 

Gultu-piKha . » » , , , , . , 17 10 0 

stuping i , , » i ,,,,000 

N\ncim Wmtiiiga , , , , , , , , , 2 0 0 

hahinir , , , , 100 

Cast per jnilo ... £71 10 0 

Weight pc \ mj|o r { tog 14 



90 


THE EL It CTitIC T 13 L 13 Gil At 1 II. 


According io present prices, this lino is dearer than the one 
last described, to which it is inferior in strength, but it is much 
more manageable, from its comparative lightness and its greater 
flexibility. 

Chain Cables. 

In the Hoogldy and Iluhlee rivers, which are navigated, the 
former by heavy native craft, the Ilooghly by iirst-dass India- 
men, and, in which rivers vessels are often compelled to drag 
their anchors, as their sole escape from urgent danger, it has been 
found impracticable to preserve any line from incessant injury, 
except by attaching it to a heavy chain cable, in the angles of 
which the gutta-percha wire is secured. 

Chain cables have accordingly been laid across the ITtildco 
and Ilooghly rivers, 4,800 and 5,200 feet broad. The Hoogldy 
cable is of % inch iron, and weighs 18 tons 17 cwt. per mile j 
value nt 22s, 6d. per cwt. (cost of galvanised iron chain, ill 
August, 1862), <£ J 524 2s, 8d, 

Since the liuc has been laid in the Ilooghly there has been 
but one interruption. The wire was broken by some violence, 
the cause of which 1ms not been discovered. The place of the 
injury was detected with ease, and the repairs of the line 
effected next day. The accident shows that the chain cable is 
not an infallible protection, although it is manifestly the best 
which can be adopted in great navigable rivers, where the 
violence of the tide? and currents sometimes compels vessels to 
drag their anchors. 

Under the rare circumstances in which it may be deemed 
necessary to adopt this costly system of protection, the gutta- 
percha wire should have also the parallel wire guards of No, 8 
wire, and it should he attached to the chain at every fourth link 
by two or three turns of No. 8 wire. 


SUBMARINE JUNES, 

Reserving the consideration of the crossing of rivers by masts 
and overground wires, wc now proceed to give sonic account of 
the remarkable lines which have been laid or attempted across 
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the straits of Dover, between Ilolyhcnd mul Howth, ami Port - 
patvielc and Donnghndcu. For specimens illustrative of thesuT 
details the writer ia indebted to the kindness of Mr, Sttitlmui* 
to whom the success of the first submarine line ia mainly attri- 
butable. 

The first attempt to cross the Channel was in August, i860, M r* 

C. J, Wollaston and Mr. T, 11, Crampton wore the engineers. Tho 
copper conducting wire was No. H gauge, covered with gutta- 
percha, so us to measure h inch diameter when complete. A 
drum or roller, sufficiently large to conluin the whole quantity 
(25 miles) was erected, with suitable breaks, &e,, on board 
steam-lug, tho “ Goliath/' mul on the 25th August, one of tho 
wires being made fust at Dover, the vessel steamed across, ami 
tho same evening tho other end was landed at Capo Grinez, oi* 
the French coast. Messages were constantly passed, during tlnv 
voyage, from the ship to tho English shore, and irico vend ; ami* 
from the two shores lifter completion of the undertaking j but ou- 
tlie following morning it was discovered that the want of some* 
outer protection to the wire was fatal to permanent success, A. 
piece of this wire, washed up in December, 1B52, is in tho 
author’s possession, its gutta-perdui coating perfectly unnlturcil 
after two years and three months’ immersion in the sen. 

Tl\o fact of telegraph cmmminieulion across the ChnnmrTi 
having been effected, was sufficient plea for the parties who luitl 
risked so much in the experiment tq apply to the French Govern** 
ment for a renewal or extension of the grant, which was concede * l 
conditionally that on or before September 1, 1B51, a permanent 
telegraph should be in working order, and so continue to wurlc 
daily for three mouths. Scmio time previous to this date, tho 
Gutta-percha Company perfected the method of double cowing*, 
by which better insulation is produced with u much smaller qmm* 
tily of gutta-percha* No. Hi gauge copper wire was selected, nn< t 
twice coated with gutta-perelui, inch ) every coil being mtl i 
jc<!tal by Mr. Wollaston to a test from a battery thirty tiinen 
strong na was needful for telegraphic purpoKus, and found to lio 
faultless. Four, of these wires were' tliou laid together with it 
slight twist. Spun-yarn, saturated in a mixture of Stockholm 
tav, ami a small proportion of pitch und oil or tallow, hemp; 
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wormed into the interstices, and served round the exterior, so as 
to form a perfect cylinder, around which ten galvanised iron 
rods, No. 1, were laid or twisted. {Fig, 08.) 

The serving with spun-yam and 
covering of iron wire was per* 
formed hy Messrs. Newnll and Co., 
of Gateshead, at their works at 
Whipping, On September 24, at 
nopn, the roiling of the cable 
(25 miles in length, and weighing 
about ISO tons) into the hold of 
nu old man-of-war steamer,, the 
“ Mazer }> was completed, ami 
she was immediately taken in 
tow by two stenm-tugs, which 
conveyed her from the Thames to the South Foreland, the 
starting point from tho English const, arriving about 8 a.tn, on 
the 25th. At 7 ami. the tugs were attached to the H Mazer, 11 
and steamed away towards Calais, at the rate of about ‘1 miles per 
hour. This was found to he too great n speed for the wire to 
he well uncoiled from the hold, and was consequently reduced 
to about 2£ miles per hour, About 11 o’clock a considerable 
swell of the sen, and some wind, which continued to increase 
during the remainder of tho day, rendered the operation of pay- 
ing out exceedingly difficult, und caused sundry mishaps, which 
pnjy proved the capabilities of the cable to withstand very 
Jiard usage* Poring tjio >vhple of flic afternoon, the gale in- 
creased, and about jfi o’clock, ivhcn within two miles of Samigntu 
(tho intended terminus on the French side), it buenino absolutely 
jiepessnrv that the H lllazcr J * should let go her anchor. This iviw 
done, mid th,o old vessel, now very light, rode for 2-1 hours 
during a severe gale, when shc.Wfts forced to throw overboard 
the remaining portion of the cable, and sheer offtlio coast. 

Np time was lost, weather permitting, in hauling up the owl 
pf the cubic, japd drawing ifc in ns near as possible to lliu above* 
This operation was successfully accomplished in the afternoon of 
;fche 28th \ and ns it was suspected that they might not he alilo 
bring the cable p)ose enpngli tp the shore to nuTt the Jaml 
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wives to Calais, a quantity of the gutta-percha wires, laid to- 
gether somewhat, like the core of the cable, was securely joined 
an. On bringing this ashore, and attaching the wires to the in- 
struments, everything was found to be eminently perfect ; in- 
stant communication between -the two countries at once com- 
menced, and has continued without interruption to the present 
day. 

Through the kindness of Mr. Wollaston, the author has been 
permitted to witness the testing of this line on the 23rd July, 
1852, The cable was eut for the purpose in the cave at the 
South Foreland, and the insulation of each wire proved, by the 
process described at page (17, to be perfect in every respect. 

The success of the Dover and Calais 
submarine telegraph gave great con- 
fidence to oilier projectors of submarine 
telegraphs. 

On June 1st, 1852, Messrs. Ncwall 
and Co,, having manufactured a small 
cubic {Figs. (M «, (54 b t (>G), secured one 
eml of it in a cleft in the rocks near 
llolyh d, and after ft successful run 


Fig, 64 a, 



Fig. 64 b. 



lit). 6f>. 



across, telegraphed from Howth Harbour to London (the 
distance across sea being (iO miles) the same ovening. It is to 
be regretted that the success of this enterprise wan but brief, 
From some cause, as yet unascertained, in one week all tele- 
graphic communication between England and Ireland ceased* 
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This line contained but one gutta-percha wire, Near each 
shore this was protected 'by six strong wires (Fig, 04 «), hut 
there was no inner serving, ami the gutta-perdm line suffered 
extreme compression. Farther out the line had a coating of 
12 thin wires (Fig, 64 b ). For the centre of the line there 
were but six protectors of very thin wire (Fiy. 65), 

In the autumn of the same year an attempt was made by the 
English and Irish Channel Submarine Company to lay a hempen 
cable, enclosing two gutta-percha covered wires, between Port- 
patrick and Donaghadee ; but here again the experiment failed. 

About the same period Messrs. Nowall and Co. mamifaetuml, 
for the English and Irish Magnetic Company, a cable some- 
what similar to the Dover and Calais one, but containing six 
of the gutta-percha double covered wires j hut us only ten gal- 
vanised iron wives were applied outside, it was necessary that 
the covering of guttn-pcrclm should he thinner, In October, 
Messrs, Ncuall attempted, in boisterous weather, to run this 
cable across from Portpatvick to Donaghadec, and, having suc- 
ceeded in safely depositing 1 7 miles of it, were compelled to desist. 
The enble w r as consequently cut, communication with the Scot eh 
coast having been kept up to the last moment. The prevalence 
of winter tempests lias prevented any attempt being nuulc to 
complete the communication, (1%. Gti.) 
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ilvo ally placed underground about 300 wiles of guttapercha 
?qvcjvlhI wire coated with lead. 

A t>-M ivc cable, with 12 iron wives ungalvdnixrd {Tig, 67), 
is rm t>utor covering, or protection, is now completed* ft, 'd only 
■vnits suitable weather, when it will ho submerged between 
Oovcr tu nl Ostend, by tlic Submarine and F.uvopeiin Telegraph 
•Uoiitiwuiy, The International Telegraph Company have con- 
ivacterf for gutta-percha covcml wire, intended to be hud bu- 
iweefH Lowestoft aud the Hague. In consequence of the great 
bstntftcc (120 miles), and the difficulty in obtaining [t vessel 
sufficiently largo to tarry safety a large cable of this length, it 
is in’oposictl to run a number of small cables {Tig* M) across, 
(mviiig; say si* of these twisted together, ainl hud out a few 
miles from each shove, where there is danger to ho apprehended 
from vesHols authoring. 


J% 08. /ty.CO, 



Kndi of (hose cables contains one gutta-percha donhlc-oonted 
wires of No. Ifi gunge, of gutta-percha No l, covered with tape, 
pitali* nud atimU by Mr PhysicVs process! again served outside 
thin with sis at rands of yarn, soaked in Archangel inv and oil* 
'flu* outer wire covering eonsists of ton {Fig* (>!>) No, 8 beat 
ohavconl gsilvaniscd iron wires, The diameter ify, 70 . 
tit* lUe ontiie is :j inch ; the weight per mile, 

I ton l# owl. 2 tp’s. Mbs, j length of sen to bis 
cro&setty 10/ miles i greatest depth of wider, 
fathoms* 

feevuvnl small cables fur fiver crossings have 
bo Vi i stmt to America, and arc reported an 
jKTflstftiy successful, 

(n 70 is shown the Section of one of these lint's protected 
by H iron wires, and intended for the crossing of Urn Mississippi 
uhovo New Orleans, 
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SUBSTITUTES FOR GUTTA-PERCHA, 

Tin* very high price of tlic gutta-percha covered wire, ami the 
rather precarious nature of the supply of this substance, have 
led to the institution of many experiments on substitutes. 

The Earl of Dundonald has recently recalled attention to 
nsphftltuuij with a preparation of which substance lie lias coated 
some specimens of wire. The cost, it is stated, would be very 
much below that of gutta-percha. 

Aaphaltimi, pitch, and resins of various kinds, have been 
made the subject of experiments, on a very large and practical 
scale, by the author and by others. The official reports show 
that these experiments met with but slight success, and they 
lend further to the inference that asplmltuin is very inferior to 
gutta-percha in insulating power* however carefully it may be 
manufactured. t 

Liability to cracks and fissures, difficulty of packing anil 
transmission, are also dreaded so much us to render it neces- 
sary to subject all such preparations to very rigid trial on a 
large scale before their adoption for extensive public works. At 
least 20 miles should be submerged in a river for several days, 
and then its insulation tested by 360 couples, in the mode 
detailed in page 67. Packages of one mile or more should be 
made up in eases, and exposed for some weeks in an apartment 
heated to 90° at least. Such trials, if satisfactory, would 
warrant much larger attempts, the success of which, from tlm 
abundance and cheapness of asplmltum, would prove of the 
highest importance in promoting the extension of the electric 
telegraph. 

Dr. ltid dell, of Bombay, iu a paper lately published in the 
journals of that city, states that the milky juice of the Asekpias 
or Calotropis giganieu (Mudar), a wild shrub common all over 
India, supplies, when dried before the sun, a substance having 
the properties of gutta-percha. 

The gulta trap, the produce of an Artooarpus (jack tree), at 
Singapore— ;the atii jegota ( Ficus racomosaX and Mangegatu 
Ficus huhca) i of Yizagnpntnm — also the Kulimandoo, of the 
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same locality, produced by an Euphorbia, are all mentioned in 
the “Koportsof the Juries of the Great Exhibition,*’ page 74, as 
deserving of trial ns substitutes for gutta-percha anil caoutchouc. 

When we remember, however, the close affinity in chemical 
composition, and resemblance in many properties, between these 
two substances, and then consider that, for the object of our 
attention caoutchouc 1ms failed as signally os gutta-percha has 
succeeded, we are led to conclude that extreme caution is neces- 
sary in affirming the existence of any substitute without sub- 
jecting this to experiments ow a very hrye scale . The intro- 
duction of the gutta-percha tree into Bengal, and the promotion 
of its cultivation, are measures which would appear to deserve 
the attention of Government. 


i 
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PART IT, 


INSTRUMENTS AND OFFICES. 

As the plan adopted for tlic construction of ,thc great Imps now 
about to be commenced has been determined on, on the experi- 
mental data obtained from the Calcutta and Kedgeree lines, so 
the instruments to be employed at first, and tlm system of 
organisation of the offices, rest upon the experience of the per- 
fect and uninterrupted success with which the public service .is 
now' carried on in the several telegraph offices at Calcutta, Bish- 
tapore, Atchecporc, Diamond Harbour, and Kedgeree. 

These offices have been open for correspondence since the 6th 
October, 1851. The amount of business they transact, and the 
importance of their functions to Government and the community, 
are practically shown by the official documents quoted as wc 
proceed. 

The instruments anil system in use have been adopted on cx- 
periments'earried on from January to October, 1861, on the line 
from Calcutta to Diamond Harbour, where two experimental 
offices were established for the observation of the effects of 
lightning and rain on the working of the different instruments 
and batteries under trial. 

By these observations it was very soon found that, to work 
any line uninterruptedly, and with that steady certainly of opera- 
tion indispensable for public purposes, it whs an csscutinl con- 
dition that tlio instruments employed should bo of the very 
simplest kind, so that tlieir construction, adjustment, and re- 
pairs might be effected without the employment of expert 
mechanists and electricians — by boys fresh from school, knowing 
little or nothing of mechanism or electricity— and only aided by 
.the rude blacksmith or carpenter of a native village. 

The furious thunder-storms which prevail from March to 
October in Bengal, and the strong constant currents of natural 
electricity flowing in the north and south lines, by deranging. 
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reversing, or destroying the polarity of the magnetic needles, by 
converting temporary into permanent magnets, and by burning 
the fine wires of every kind of instrument, proved in a few weeks 
that to use the complex and delicate apparatus employed in 
England, France, and America, an experienced European me- 
chanist should he stationed at each office. This, the extreme 
unheal thincss of many out -stations, the paucity of such me- 
chanics in Bengal, and thchigh value of their services, rendered 
an impracticable arrangement, Our sole alternative became 
accordingly tlio simplification of the instruments, or .abandon- 
ment of the undertaking. 

/ The instruments tried dining the experimental season were 
chiefly such as those in use in England and America, and others 
on the same principle as those simultaneously or subsequently 
proposed in England and France, by Messrs. Henley, Hcving, 
Dujardin, and others. All proved alike unsuitable. It may he 
said that these instruments having been constructed in Calcutta, 
not imported from Europe, did not afford fan* results , Tittle 
weight as can be allowed to this objection by any disinterested 
or competent person, it 1ms still been considered proper to send 
Out from Europe a collection in duplicate of nearly all the tele- 
graphs now in actual use, or proposed on good authority, sup- 
plied by the best makers, in most cases by the inventors or 
patentees. These instruments will he submitted to -trial anil 
observation during a sufficient period, and officially reported on, 
in comparison with those in nse at present on our lines. The 
result will determine which shall be preferred for final adoption. 
Meanwhile, for the provisional organisation of the offices and 
correspondence, the system of tlic Calcutta lines will he adopted 
till further orders. AVo shall accordingly describe minutely tlio 
instruments and arrangements of flic 1 Calcutta and subordinate 
offices, as the guide to be follow ed in all those to be subse- 
quently opened. 


THE BATTERY. 

This is a set of 6 to 10 elements of the nitric acid and platinum 
wire, kind described at page 10, and of the several parts, of which 
a drawing is here given, 

v 2 
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The battery is placed on a teak-wood tray, and is enclosed in 
a wooden cupboard, on a table, at the cast end of the signal- 
room ; this cupboard is let into the wall, through which an 
aperture is made to permit tho 
fumes from the battery to escape 
into the air. The cupboard is 
kept closed, and thus all annoy- 
mice from the acid is effectually 
prevented. Two thick copper 
wires lead from tho zinc and 
platinum ends of the battery into 
grooves in two wooden battens, nailed to the iloov, one fool 
apart. In these grooves the wires are laid in melted pitch, 
and are led to the right-hand corner of the table in the centre of 
the room, on which the signalling instruments are placed. 

The same arrangements are made when sulphate of copper 
batteries are used. ( See page 11.) 

The line from Diamond Harbour, which wo will designate uh 
the telegraph line, enters the room at the south side \ also a wire 
leading from a plate of iron sunk in the river Ilooghly, outside 
the office door. 

Both these wires are led into, the office, and laid on the floor, 
in grooved wooden battens, and their ends arc led to the left 4 ' 
comer of the table. 

It is evident that if the wires from tho battery arc made to 



Fig. 72. 


w 



touch those from the telegraph line and 
the river in the direct course shown in 
Fig . 72, the Diamond Harbour lino will 
receive a positive state of electricity from 
its contact with the platinum side of the 
battery, which would lie shown by llir 
deviation of n galvanometer needle ut 
Diamond Harbour, say to the right side, 
or from north to (>SW> page 5.) 


But if the order of contact be reversed, so that the zinc side 


4 In speaking of the right or left side of any object, we mean Lliiit 
opposite to tho same side of tlio oWrvflr: thus, tins toft of the table K 
that side opposite to the observer's (eft hand. 
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wire touches the Diamond Harbour line, anti the platinum side 
the river line, the Diamond Harbour rod will receive negative 
excitenicntj and the golvaTiometcr jty. 78. 

needle of Diamond Harbour will dc- w 

viatCj say to the left, or from north s 
to east . (Fig. 730 

The battery wives are accordingly 
made to touch the telegraph and river 
lines, either directly or crosswise, so 
as to send positive or negative cur- 
rents along the telegraph line, and 
deflect the needle at Diamond Har- 
bour east or west at pleasure, by the 
-Reacm 1 ?' shown in the accompanying figures. 

llBVBUHEn, 

The wives from the battery (Fig* 74) arc joined by two binding 
screws to two wires inserted in a block of wood 2k inches square. 
Four hollows, half an inch deep, arc cut in the wood, and these 
hollows are joined diagonally by copper wires let into the sub- 
stance of the wood, and most carefully insulated from each other 
by melted cement in the wood, but exposing a clean metallic 
surface in each cell, The battery wires arc thus connected, 
wire p with the cells a and b, and wire z with c and d, 

rig. 74 , 


f* 


The hollows arc filled with mercury. It is obvious that if the 
telegraph and river lines dip into b c, the line to Diamond 
Harbour, D II, dipping into b } will receive electric excitement 
from the platinum or positive side, But if the telegraph and 
river wires dip into a d, the Diamond Harbour line, I) U, will 
receive electric excitement from the zinc or negative side* 
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The (lipping of the wires into the mercury might be effected 
by the hand directly, hut this would be slow ami irregular ; the 
telegraph and river wires, D II and It L, arc accordingly fastened 
by two binding screws to two brass pillars, each inches high, 
having ft spiral coil of strong clastic brass wire 3 inches tong, 
£ inch diameter, attached to its top at a right angle. The brass 
spiral is joined’ by a screw to a fork with two steel points, 14 
inches long, and 2 inches apart. These steel points, when at 
rest, arc 4 inch above the surface of the mercury in b d or cTfl 
at each side. The steel points must be brazed into the brass 
piece, not screwed in, 

The forked terminals of both the brass spirals are borne on 
tlie same axle, supported on two pillars, But the terminals must 
he carefully insulated from metallic contact with each other by 
an ivory collar* on the axle. 


Fig . 75. 



A vertical handle on the uxlc, completes the apparatus, Tlie 
handle is worked bj'.the bent forefinger and thumb, uud thus 
the telegraph and river terminals may bo made to touch the 
battery terminals alternately in opposite directions j and wheat 
the hand is withdrawn, contact with the battery ceases alto- 
gether. 

With this apparatus opposite currents can he sent along the 
line with a rajSitUty in manipulation equal to that of a brilliant 
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player on the piano. The instrument is very substantial, and 
never requires further adjustment than an occasional tightening 
of the screws, adding a drop or two of mercury to tlio hollow 
receptacles, or cleaning the surfaces of these with a feather. It is 
necessary to use steel points to the terminals, as brass or copper 
would be rapidly destroyed by the mercury. The steel points 
should be rubbed bright with sand-paper every morning, 

These reversers arc very substantially made at the gun-foundry 
at Cossipore, near Calcutta, to a uniform pattern, and cost 
12 rupees, say ,j£l 4s., each* 

TUB TELEGRAPH. 

This consists of a coil of line wive, on a card or ivory frame j 
a magnetic needle, with a light index of paper pasted across it ; 
two stops of thin sheet-lead, to linpt the vibrations of the index; 
a supporting hoard, eight 1 inches square, uud a square of window** 
glass, in a frame of wood, or a common glass tumbler placed 
over it as a shade, to prevent the index being moved by qui> 
rents of air.* 

The office boys, with the assistance of a native carpenter* 
make up these telegraphs at a price not exceeding two shillings 
each. The documents appended to these remarks prove that, in 
delicacy and vapidity of action they are at least equal to the 
costly needle instruments in use in England. Wo now proceed 
to describe their construction in minute detail. t 

The Frame , — This is a piece of teak or mahogany, 8 inches 
square and 1 inch thick, with a hollow groove cut in its centre, 
2£ inches long, 4 inch wide, \ inch deep, A ledge of the same 
wood, 1 inch wide and £ inch deep, surrounds the frame, leaving 
the inner surface 7 inches square, This is stained black with 
ink, to make fcho motions of the index more conspicuous. 

* The uao of tho punkah t or suspended fan, hi Indian offices, renders 
this glass cover itulispcnsubio. 

t No credit whatever is claimed for tho introduction of this simple 
telegraph by tlio Writer, It is, in truth, tho original galvanometer of 
Oovstcd, inventedin 1819, with a slip of paper appended to Indicate its 
vibrations. Oersted’s galvanomoter need never havo been departed from, 
hut, by making it vcrtienl instead of horizontal, a legal argument was 
found for claiming a patent right, as if for a now invention. The English’ 
telegraph is nolhiug more than Oersted’s coil and noodle. 
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The Coil ♦ 

This consists of 50 feet of the finest silk-covered copper wire, 
wound on a frame of card 2 inches long, § inch broad, | inch 
deep in the open part. An edge or flange of card, | inch wide, 
is attached to it at each side, to keep the wire in its place,* 
luj. 70. 



The frame may he of ivory, or thin wood ; sandal or satin-wood 
answer very well, Brass or other metal is objectionable, as any 
fault of covering in the wire may lead to casual contacts with 
the frame. The winding of the wire commences at the lower 
left comer, and the wire in coiling is led from left to right, ns 
the hands of a watch would move in ‘the same plane. Bach 
wire lies close and parallel to the next, without overlapping till 
one layer is laid. The winding then continues in the same 
direction for a second and third layer, nml so on till the fifty 
feet are wound, 

Coils of this kind are prepared in a few minutes, and a dozen 
or two arc. always kept ready in reserve, 'They are made by the 
boys for four annas (sixpence) each. 

Two inches of each end of the coil wire are now stripped of 
their silk covering, by being rubbed with sand- paper. Lastly, 
the continuity of each coil is tested in the precise manner tic- 


Fig. 77. 



scribed at page 66, Fig, 41, substituting the telegraph coil for 
that of the gutta-percha wire. 

The coil is mounted in the frame by inserting its flange in 

♦ This wire is drawn and coated with silk by tlio native gold-lnco men 
for about one penny per yard. 
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the groove, so that the floor of the open part of the noil is level 
with that of the frame. (See Fig. 77 .) It is now ready to receive 
the magnetised needle. 


The Needle . 

This is 1 inch long, fa inch wide, of the thinnest steel, and 
fitted with a little brass cap, turned to a true cone, to receive 
the point on which it is balance^. These needles are of hard- 
tempered steel, and arc magnetised by a single contact with the 
electro-magnet described at pages' 23 and 24, excited by d of 
Daniel’s, or nitric acid cells. The native jcw'ellers and cutlers 
make these little magnets very neatly for about fouvpenee each* 
The brass cone should be carefully examined, to ascertain that 
it is smooth, and no bun* on its inner surface. 


Fig. 78. 


Fig. 79. 


The magnet is now to be balanced on a steel point, | inch 
high (these ore nipped off with cutting pliers from common 
sewing needles), soldered into a slip of thin copper, 3 inches 
long, i inch wide. It will be found at first that the north end 
of the needle dij)s considerably. To counteract this the Bouth 
end is touched with a feather dipped in lac varnish, which dries 
rapidly, and this is repeated till equilibrium is attained. 

Fig. 80, 


C— 



The needle is completed for use by fixing to it an index of 
paper,* 2 inches long, tapering from i inch to a point, and 

* Cat from glassed Icttor-papor, 
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fastened at right angles on to the needle with lac varnish, so as 
to be in equilibrium* and that its sharp index end should hi* to 
the east , when the needle, placed on the pivot, settles north 
and south, its north pole being opposite the observer's right 
hand, the observer facing the west. 

Fig. 81. 



The coil frame is placed north and south, and the noodle i* 
now introduced by sliding the end of the copper strap into tin? 
opening in the frame. It should now be carefully examine! 1, io 
ascertain thnt the movements of the needle are free in every 
direction. 

Fig, 82. 



To limit the vibrations of the paper index a stop is placed «t 
each side. The stops are made of a strip of thin sheet lend, or 
copper, £ inch broad, 1J inch long, and turned up at a right 
angle, so tlmt 1 inch rests on the board, and i inch is vertical. 
For ordinary practice these stops are placed each at % inch from 
the index, thus : / 

Fig . 83. 


But the distance may he widened or narrowed at pleasure in an 
instant. 

A wooden lid, glazed with window, glass, completes the in- 
strument, and, when closed, makes it secure for travelling.'!' 

t In some of itieso telegraphs wo have inserted a mirror inpido the Hd, 
which, when placed at the angle shown, gives a vortical imago of tlu> 
needta index (ago dotted line in ?«/♦ 84). This was dnno on the mistaken 
idea that the movements of the English vertical needles were mora easily 
learned and road than with those placed horizontally. 
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OiU’ telegraph is now ready to receive signals, say from 
Diamond Harbour, where wo will suppose to bo placed a bat- 
tery and tovevser, this connected at one side with the telegraph 
line, another with a water line, the Hooghly river* 

Vy. 81 



One end of tho fmo wire of tlie Calcutta coil is now joined to 
the terminal of the telegraph line ; the other end of the coil 
wire is joined to the river lino. The instant this is dono tho 
index, previously pointing east, deviates Rtrongly to tho right* 
and remains hard up to the stop. This proceeds from a natural 
current of electricity flowing in the north and south lines, both 
overground and subterranean, but not observed as yet in the 
cast and west lines on our circuit. 

To counteract this deviation, and bring the index to tlic 
centre, a small steel magnet is placed on or near the frame, and 
approximated or removed, according to tlie strength of tlio lino 
current, tho south polo of this magnet being opposite to tlio 
north pole of that in the telegraph coil* Tho bar is 4 inchuH 
long, 4 inch broad, inch thick* 

Besides counteracting the lino current, the use of this nmguofc 
gives great liveliness of movement to tho signal needle, which, 
when deflected by a telegraph current, on this ceasing, i« 
brought back instantly to the neutral or middle point* 
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We have now traced* the arrangement in detail, and the 
telegraph is ready. Every time the signaller at Diamond Har- 
bour makes his reverser points dip into the mercury at either 
side, the index at Calcutta moves to either stop. When the 
Diamond Harbour reverser is out of the mercury, the Calcutta 
index returns to the neutral or middle point. We can count 
any number of tliesc deflections or beats at either side, or 
alternately. In practice, no more, than d heats are given nt 
one side in succession. The alphabet is thus given \ a right 
hand or left hand beat is that opposite the right hand or left 
hand of the observer} and the connecting wires arc all so 
arranged that the movements of the top of the handle of the 
reverser, and the movements of the telegraph indices, are always 
to the same side, a right-hand movement of the top of the 
handle giving a right-hand heat of the index of the distant 
telegraph. 


Alphabet, 

The first ten letters are founded on the 
Roman numerals, with slight modifica- 
tion in the ninth and tenth letters/' 

The second series of ten letters is ex- 
actly the reverse of the first. 

Letter W given in the natural order 
by four alternate beats— left, right, left, 
right. This letter is used ns the testing 
letter in the adjustment of the appara- 
tus, to discover whether the wires are nil 
adjusted in the proper order. 

The reverse of or Mj signifies the 
end of a despatch. 

This alphabet differs much from tlmt 
used on the English lines. Being based 
on the Roman numerals, it nmy be said 
to be known already by every one who 
can read. We find, accordingly, tlmt its 
practice is acquired in two or three days, while the arbitrary 

* The tenth letter, h, may be described ns a double V, or fifth. 



Fig, 

85. 


A 

/ 

L 

\ 

B 

// 

M 

\\ 

C 

/// 

N 

w 

t> 

//// 

0 

% 

E 

V 

P 

A 

F 

V/ 

Q 

A\ 

c 

V/ 

R 

A\ 

H 

ir 

s 

A\ 

1J 

VI 

T 

N 

K 

XT 

UV 

A 

w 

W 

Y 

V 

X. 

V 

2 

w 



THE TUUN-PLATB, 109 

English alphabet is always learned with difficulty, anil many 
lads cannot master it at all.* (Seepage 120, J 

In commencing correspondence, alternate beats arc given, & ft y 
far half a minute. This is termed a roll, It is answered by a 
roll from the distant station, 

Seven alternate heats arc the jervfofl or urgent signal. 

The despatch is then given word by word, each spelled in frill, 
11 o contractions being pcmittcjj, Even numbers are spelled, 
like the sum in a cheque, to prevent the possibility of mistake, 
important communications* 

The alphabet is not engraved on the instrument, ns is done so 
uselessly in England. An alphabet is just ns necessary on enoli 
pngc of a printed hook. No signaller is ever allowed on duty 
our lines until he can read without such assistance. 

Each word is separately acknowledged by the signals V* 
" understood,” or Aj “not understood;” but wo must now ex- 
plain by what means the despatch and reply are alternately nmit 
through the line. 


The Turn- plate. 

By this contrivance the telegraph line is brought at pleasure 
into association with the battery, so as to send a message, ov 
with the telegraph, to receive one, thus S'— 


Fig, 80. Tig. 87, 

CfW 



A piece of bent iron wire is attached to u binding screw to 
which the telegraph line is connected, This wire is bent so that 
it oun bo placed alternately in either of two hollows eon- 

* In tlio English single noodle alphabet, given In Mr. WnlkcrVi 
Mam ui I, p t 7 ^ letter a is given by two bouts to the right, // j loti or d, 
the fourth letter, by \/, one left, one right boa I. The alphabet la en- 
tirely an arbitrary ouo, ami gives no ehio to Us recollection, 




no 


THE ELECTMO TEtiEGRAPII, 


taming mercury. One of these mercurial pools is connected 
by a wire with the copper or platinum sitlo of the battery* B. 
Tho other pool is connected with one terminal of tlio coil, T, the 
second terminal of which proceeds to the river line, thus 

If the line wire D II, from Diamond Harbour, be moved into 
the mercury pool B, it is in contact with the battery through 
the reverse? ft* and is ready to despatch a signal. If the line 
wire D II he moved into the mercurial pool T, it is in contact 
with the Calcutta telegraph, which is thereby made ready to 
receive a signal. 

Thus the currents sent from Calcutta do not pass through tho 
the Calcutta telegraph, but proceed direct from the battery to 
Diamond Harbour. The currents from Diamond Harbour, 
again, do not enter the Calcutta battery, but pass at once 
through its telegraph to the river. 


Fig. 88 . 



The annexed plan, Fig. 88, shows the battery, reverser, tele- 
graph, turn-plate, and line attachments, all in their relative 
places. Tho signaller sits between tho battery and telegraph, 
with his face to the west, 

In the English offices, all tho currents from a given station, 
pass, through their own instruments before entering the lino. 





routine ov duty* 

This practice is most objectionable, It interposes tlk> resistance 
of two or more coils of fine wire } anti »E there bo derive it cur- 
rents from imperfect insulation on the lines* the elect vie action 
on the telegraph needle at the near station is ho powerful ns 
frequently to derange its polarity % and render it necessary to 
take out tlio needle for re-magnetisation* 

The use of the turn-plate above described obviates this evil* 
Being made of a piece of wood* 6 inches square* and V inch 
thick, with three binding screws* and a few inches of wire* ha 
value may he fairly estimated nt ono rupee*— two shillings* 

Steel springs and brass studs for contact might bp used in this 
tum-pkte, and in the reverses instead of the mercurial pools, 
But springs arc liable to fracture, and can only bo replaced by 
expert workmen, while a bent wire and a little mercury are pro- 
curable in every village, 

ROUTINK OV DUTY, 

The usual routine of work in the Calcutta offices will best 
exemplify the use of the above arrangements. 

At gun-fire, halfan-hour before sunrise, the signaller in charge 
examines his battery and connecting wires, and Bonds n pro* 
longed roll to Diamond Harbour. This is answered, to show 
that Diamond Harbour is in readiness, and that the line, butte- 
ries, and instruments arc in good working order. Questions are 
then passed to and fro* us to the strength of the heals j ntul the, 
distant stations request each other, if necessary, to add to or 
diminish the battery power, 

ISach station thou places its line wire in contact with its tele* 
graph, and the signallers take their watches in turn, each fur 
one hour, when he is relieved, The youngest lutltf on probation 
take their turn at this duty, and if unable to xml Dm *igrmht 
themselves, they ring a hand-hell, ami cull fcho lf reader u on 
duty the moment the needle is seen to move. 

At 9 a.m., at noon* and atffp.ni., Calcutta time h telegraphed 
along* the lino by 9, 12, or (i beats, corresponding with those of 
the Calcutta clock, and common American clocks nro thus uawl 
with confidence to regulate the duties of each office. 

At a quarter to Id a,m*ji ut a quarter to 12, at a quarter to 
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4 p.m,, and at a quarter to 7 p-m*> tlie state of the weather nntl 
tide at the out^stations are signalled to Calcutta, and are pub- 
lished in the printed bulletins issued at 10 a,in„ noon, 4 p.m., 
and 7 p.m. 

All the movements of shipping in the river arc forthwith re- 
ported, posted on the office gates, and printed and circulated to 
subscribers, at intervals of three hours during the da}', Casual- 
ties arc instantly made known to the Master Attendant. Arrivals 
or departures of vessels belonging to particular firms arc notified 
to the parties interested. 

Signal flag-staffs are erected on the roofs of the stations at. 
Atchecpore, Diamond Harbour, and Kedgeree. The signallers, 
at these offices are instructed in Maiyatt’s code of murine 
signals, and Captain Bedford’s Hooghly River code. Com- 
munication thus takes place by signal with the shipping. When 
long or important despatches have to be sent on board by bout, 
a plain red flag at the station is an imperative order for the 
vessel passing to anchor or licavo to, to receive the oomtmi va- 
cation. 

During the day despatches are incessantly flowing along the 
line on public or private business. 

The first notice of every event in the Burmese war 1ms been 
received through the Kedgeree and Diamond Harbour office*— 
a formidable test of their efficiency, subjecting these to the 
immediate scrutiny and personal observation of the highest 
functionaries of the Government of India* 

Night Correspondence. 

The evening gun from Fort William closes the day duties of 
the offices along the line. This takes place nt 8 p.m., from the 
21st of September to the 21st of March/ and at 9 p.m. in tlio 
other months. 

An alarm clock is now set, and the watching of tho instrument 
ceases. The senior signaller in charge, and one junior aignaller, 
sleep in the signal room, beside the instrument table. The 
ringing of tiie alarm never fails to arouse the Bleepers.* 

* At out-stationg it nmy bo found prudent to post n sentry in tlie-slgnal 
room by night, to call the signallers whon tho alarm rings, 
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The Alarm Clock* 

Tins is a common Amcncan clock, wound up daily. A email 
elcctio-inagnct, surrounded with thick wnc, is placed below a 
moveable piece of tinned non, so that when this is attracted, the 
fly of the clock is released, and its bell tolls unceasingly while 
the nrngnet is e\ cited* 

Ftg 89 



The electro-magnet of the clock is c\citcd by the battciy of 
the same station, which sends a poivciful cun cut tluougli its 
wire when a cuemt is completed tluougli this by a wire lntleK 
moved by a galvanometer coil, the same in all 1 aspects as the 
tclcgioph alieady described, eveept that the mdo\ is of platinum 
w ire instead of paper 

A coppoi wire is led fiom tho platinum side of the office 
Imttciy to a smew soldcrcdto oue tcimnial of thcnlann magnet. 

Anothei copper wno is led fiom the second tcnnmal of the 
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alarm magnet to a screw attached to the copper strap and point 
on which the telegraph needle is balanced. 

A loop of platinum wire is substituted for the leaden stops, 
and the end of this, wire is connected with, the zinc side of the 
station battery. The alarm telegraph is thou set on tho line, 
just, in the same manner as the day one, with its regulating 
steel magnet, to keep the index in the middle* and free from 
the stops. 

FUj. 90 . 



A current flowing along the line, by disturbing the telegraph 
needle, causes its metal index to touch the metal atop at either 
side. This contact allows the whole current of the station bat- 
tery to flow round the alarm magnet. Its keeper is attracted, 
and the bell rings ns long as the distant current is applied. 

The log-book of the Calcutta telegraph office contains nume- 
rous official proofs of the certainty with which this system 
ensures night correspondence. As an instance, wo limy adduce 
a visit made by the Superintendent of Marine, Captain Rogers, 
by order of tlio Governor- General, at 11 p.m,, on tlia night of 
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:liei 14th February > 1852, to the Calcutta office, to learn if the 
f Plilcgcthon ” steam-vessel had lauded a despatch from the 
King of Avn at the Diamond Harbour post-office. In four 
ninutes tlie answer was obtained from Diamond Harbour, 
iltliougli all the signallers were in bed and asleep, and no s entry 
10 steel, when. Captain Rogers entered the Calcutta office. 


Intermediate Station#. 

Having thus described the instruments, usual work, and 
UTimgcments in the Calcutta office— all of which arc the same 
n any station at the end of any given line— it is necessary now 
o advert to those employed at intermediate stations. 

Half way between Calcutta and Diamond Harbour, at the 
nissionnyy station of IHslitaporo, a, branch line turns off to 
U cheep ore, on the Ilooghly river, a frequented anchorage, 
he site of an important powder magazine, -and the place where 
ho overland mails to and from Bombay cross the river, 
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This intermediate station was established instead of running 
i direct line from Atchccpore to Calcutta, in order to afford 
n-actical instruction to signallers in the management of similar 
ilaccs on the great lines, 

Fig. 92 , 




D.H 


The first peculiarity in the arrangements is tlmt the telegraph 
coil used at Bi slit ap ore is interposed in the line from Calcutta 
to Diamond Harbour, and 1ms no earth connection, (Fig. 92) t 
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All signals to and from Calcutta arc thus passed through the 
coil, and arc legible by its index. 

This interposition of coils is common on tlic English lines, 
especially those for the railway service— for instance, the North 
Kent system, having five chief stations on one line, and two 
shorter groups of six and seven stations each on a second lino.* 

As the coils employed in the English offices, especially in tlus 
instruments of the older pattern in use in those referred to, 
consist of several thousand feet of the finest wire, the resistance 
thus created is enormous, and the ncpcssily for perfect insula- 
tion absolute, (See page 19.J 

It has already been stated that the coils used in llungnl 
contain no more than fifty feet of wire, a length which bus been 
found sufficient to effect the requisite movements of the needles 
and indicators, Every foot of wire added to this is u useless 
resistance ; but, to diminish this resistance still further, this 
coils of interposition are wound in a different manner, Thu 
fifty feet of fine wire are cut into live equal lengths. Gnu i» 
wound on the card frame from left to right] the second, third, 
fourth, ami fifth then added from left to right also, hut each oh 
a separate coil. The ends arc then twisted together. Thus the 
current subdivides itself into five streams; the resistance is thiiH 
reduced to that of ten feet of wire of five times greater auction. 
(See page 19 ,) The needles are still moved with the full Kpiunl 
required. 

Fig. 93. 



This instrument, like tlmt at Calcutta, is watched l,y tint pro- 
bationers by day in hourly watches, hut its movements arc not 
read until its own special signal is noticed, which is the index 
remaining hard up to the left side. When this signal is aeon 
the reader is called, and Bishtaporo is placed in communication 
with Calcutta. (/<’iy. 94.) 

* “ The Electric Telegraph,” by C, V. Walker, Esq,, p, 47. 


INTERMEDIATE STATIONS. 11 7 

In a piece of mahogany I inch thick and. 6 inches sqvuypo, are 
three hollows, J inch deep, containing mercury (e, d, w), The 
line from Calcutta (lips by an iron wire in c, also one tormina! 
of the interposed telegraph, The line from Diamond Ilnrbour 
dips by an iron wire in d, also the second terminal of the hitor- 
posed coil. 

Fig. 91 . 



An iron wire from the Atehceporc line and telegraph in also 
brought to this central apparatus, All these iron wires tiro bent, 
so as to he easily elongated. 

Thus, by lifting C and D II from their mmmrml pnolw, and 
plnciug their ends in the pool c, the llishfaporc tele graph is 
thrown out of the circuit, and Calcutta and Diamond llmhmir 
placed in direct correspondence, "Whenever thin is dime, llio 
time is specified from the head station, for which tho inter- 
mediate one is to he excluded, my for five nr ten inmultm, when 
the current is to he again directed throng)) the intcrpioutd mil 
by replacing the line win's in o and d. 

If tho wires 0 and A he inserted in the pool w. < hilmMn. and 
Ateliccginre are brought into dirret curve upon deuce. * 

If 1) H and A ho placed in m, Diamond Harbour and 
Ateheepore live in direet eom'spntidoure. 
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On the table where this central piece is placed is also the 
terminal of an earth plate, which can he used at pleasure with 
any of the instruments, so that, for instance, while Calcutta is 
corresponding with Atchceporo, Bishtaporc may communicate 
with Diamond Harbour. 

One alarm clock suffices for an intermediate station, corre- 
sponding say with three others. The line wires are all placed 
in contact with one terminal of the alarm coil. The second 
terminal of this is joined to the earth. 

Fig, Sl, 


alarm, D 



The 'arrangements thus described arc all made with ease on 
one table, the several wires being led to rithers in grooved 
wooden battens on the floor. The table should be placet! so 
that one observer can watch the entire. 

As tke r distance between the stations may be very great/ the 
description above given applies as well to any other group, say 
Benares corresponding with Calcutta to the S.E., Agni to if.1V,, 
Mirzaporc to S. It has been found on our present linos that 
an intermediate station of this kind requires two good readers 
and three or four probationers, or apprentices, to ensure its 
efficiency. 
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Double Lines* 

Wc have now dcscubcd the office nuangements and woihmg 
m fme wcuthci. As foi ns oui obscnatians yet extend, fogs 
ox lam do not ailect the no\k, although no msulatois aic used. 
This piocecds fiom the massiveness of the metal line, and this 
being a single lod, and exempt fiom the distmbancc of the cur- 
icnts fiom othei lines* 

We iosei\e foi fiituio considciation ancl directions, on the 
completion of the fust long section of oiu double lmo, the 
pcculmntics of miangeinent tins mil call fou At piescnt it 
suffices to say that the double lmo will be gcneially worked as 
two distinct single lines would he, each having its separate 
instalments and operators 


*V 


UNE 



The English double needle instruments, and the Fumeb 
double semap lune telogiaphs, loquue two lmo wnes besides the 
mt\i cnciut, but may bo icgardul us two single instiumuits in 
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one frame, one worked by the right, the other by the left build. 
Two sets of the Bengal instruments may thus be worked side by 
side, hut the use of the reverser with the left hand requires 
much practice, and is with difficulty mastered. The turn -pin to 
In this case is also different. It consists of two upright strel or 
hr ass studs, 1 inch high, set on a piece of wood 1 inch npnrt, 
A piece of strong clock spring is attached to the lino wire ; ibis, 
in its ordinary state, rests against the stud T, nncl is thus 
associated with the telegraph. If pulled to the right, so na to 
touch B, it is in contact with the battery, ( See Fig t 96 J This 
movement is effected very conveniently by ft cord attached to 
the spring, and let over a pulley through the table, and ending 
in a stirrup or pedal about an inch from the floor on which fhu 
foot of the signaller rests, lie thus, by a slight pressure of the 
foot at either side, turns his right or left line on at pleasure, his 
hands being left free for the manipulation of the roveraers. 

By this arrangement we maintain the advantage of directing 
the currents on the lines without their passing through our own 
telegraphs. 

Instead of a steel spring, a common brass or copper wires uiay 
be used, having an elastic spiral of brass wire, or u string and 
weight, to bring it hack to contact with tho telcgmpli at ml, 

In the English system the alphabet* of the single lino dillWa 
from that for the double line, mid is so arranged that the riiuu? 
letter in the double code may he represented by three hrnU nt 
most, while in the single code some of the letters require fmtr 
or five beats. More importance is conceded to this Hum il 
deserves. A little practice enables a signaller to give even n live- 
boat letter in one second dearly and distinctly; while in <!m 
letters having several heats at one side, these are given move by 
a flutter or vibration than by a separate movmmml . 

The acceleration really effected by the double-lino innlrmurm 
is chiefly by its enabling tho distant clerk, if ho miderMmids u 
word, us very frequently happens, by its first lellur or Hvti. hi 
“ cut in ” by the unoccupied line aiul needle, and give, fin- sign 
"understood.” In this way forty or even fifl y words mv trh - 
graphed and read in a minute by first-rate operators. ih»l 
all well-regulated offices the signallers arc forbidden !« , ^ 
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twenty wokK pel minute, as that ih imisidi ud Urn lnmt oi 
oeomucy m taking down m wufciug the mi isage as Keened 

IL will be seen, m the repent of (\peuments nmde at tlu* Dove r 
station with the Bengal msluinient, (hat m piarUscd Imutls 
tins can he used to tiansunt eighteen to twenty wonts m u 
minute 

It is the piacuco, how evu, on the English lines, to iopeui hoc'* 
nil mes sages, in ordei to senue the uiuutu') of the despat i li 
r iluj ollnres ehiugi halt-puce tm this u petition, ami without this 
will not iiunie the aermaey ot tin. nns age Tina petition is 
efUiitiul ut n quiche* into than the ihspiitrh , still, pnu tumllj , 
tins u times tin total speed to tin m twclu* wouls pei minute 
Repetitions of tins kind imvi mun hi en pnutisul <n lupunid 
m om Indian lines, and up to the lust u pints we lmu* not been 
charged with unv humous moi in the turn mu 1 sum of desjmli lieu 
for <j«\ eminent 01 loi the public 


CWto oj Cyphers 

Some leiiimks me neechsuij heie ih to the use ot endcs 01 
pyplicis fm ecmespoudencL hy tlu clectne tihpiuph 

For eoc/es such as Mmyntt's oi JUdtoulV, m mi) othu pu- 
eouceLtoil between two eouosponduit !, the nudh uUgmph 
tuisweis puloitl), piuvnUrt the code In* drudul into numbuod 
olmpteis, sections, and units, and each unnihu hhgmphod be* 
HjK'llod m hill bunt euihs oi (Ins kind will hi 1 < ompiloiL 
foi the ust‘ of tlu ddluuit Umumiunl dipmtim nts, whieh will 
pnsme the liniisnnssum of dispatches without Ihuj meaning 
being intelligible to the signulli in 

Anothci mode of Hceiet eonespomluiee much adopted m 
Amcuea mid in England is that ol iHsigunig to eutmn wends a 
clifFeicut meaning fioni tin 11 uppuunl one. Thun M Culuo has 
ahnmk in width by one bundled and twenty (blends, ” miry 
mean, u Opium lias lullm m pncn one lmmhed and twenty 
rupees i3 Aleieanlile fnms may have thui uwjuspund uxidiu- 
lai it s of this Kind. 

Uuing wends having each a tmbsluiiini meaning, nuns mi 

o 
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almost completely avoided. The context of the wove! gives 
certainty to the signaller. But if meaningless words, or 
irregular groups of letters, ho employed, mistakes arc certain to 
occur. An opium speculator in Calcutta, soon after the opening 
of the telegraph offices, instructed his correspondent in China to 
land a despatch at our outside station at Kedgeree, directing the 
letter x to he telegraphed three times if opium luid risen in price, 
The lad on duty in Calcutta receiving from Kedgeree the mes- 
sage, <( Inform Mr, — -a?” and not being prepared for this 
mode of correspondence, telegraphed back, “ Not understood, M 
and received an angry ff a’, x, x>" in reply. The message was seal 

in this state. Mr. purchased opium, and lost considerably. 

A single x was his signal for a fall, x repeated three times for a 
rise of prices, This ease is cited to show that it should not he 
attempted to convey secret messages hy the use of single letters, 
or repetitious of the same letter, or hy arbitrary groups of letters, 
devoid of any actual meaning. 


ATM O S V II EIU C E LECTttl C ITY. — Til 11 N D 13 R STORM S . 

We have now to advert to the effects of atmospheric elec- 
tricity and lightning on the instruments employed in our offices, 
and the mode of protecting these from injury. This subject bus 
already been notie’ed at pp. 33, 41, 49, 50, and 51, which the 
reader is requested to peruse again in connection with the fol- 
lowing observations. 

We have there described the general effects of lightning on the 
lines and instruments, the lightning conductors to bo used on 
the temporary and permanent lines in connexion with tin* posts, 
and outside the tents or offices. 

On the experimental line constructed in 1839, the terminals of 
which were placed in the library of the Botanic Garden of Cal- 
cutta, the visitations of lightning were so frequent and terrible 
that on more than one occasion it became necessary to detach 
the line while the storm was raging, 

In the lines, partly subterranean, partly overground, at pre- 
sent in operation, it is found tlmt tlio subterranean line is al) so- 
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lutcly exempt from liability to lightning dischaigis, hojoncl a 
xnmnte poition of a flash conveyed fiom an ovci-gioimtl line, 01 
tlie effects of ciuicnts, induced by lightning flashes stub nig tin 
cm tli m the ucimty of tlic lmc 

These effects on the subterranean lmc me manifested m the 
offices by small blight spaiks on the piotcctois attached to the. 
iiistinments, by deiangcmcnts of the magnetic state of them edit 
mid electio magnets, by smait shocks to the opciutms, and b) 
tlie nngmg of the alanns at night 

Wicio tlic ovcigiouml lme is milted with a subterinnean. one, 
a. flash stub mg the foimci explodes tlnough the insulating coat- 
ing to the neaicst wet enith, terns off the coating foi some frit, 
mid affects the mnnjmcd pmt of the lmc In a fi action oi tin 
divcet dischni go which passes to the distant office i This fact 
xx ns fiist obicuved in Maich, 1852, on a lme laid ncioss micl helms 
■fclic Huldcc iivci It lias led to the construction of a floating 
conductor dcscubed at page 3 1, one of nlncli should be ntluehed 
to the cnTnmenccment of cveiy subtcnancan mid liver lme, so 
thut the lightning may be intei cepted, ami tlie place of liijnn to 
tlie lmc found without difficulty 

At these points of junction of ovcigiouiid and sub ten an can 
lines a coveied lint should he constuicted, and a well dug foi 
tlie floating intercepts Tins lmt should he m dim go of u 
Xr\ atchman 

Ou the overg) ound lines now in opcialion in Bengal, sutinl 
'visitations have orouiicd, but beyond the splintemig of a tew 
I'uj 07 bamboos, and the melting of coils, 

no nijuiy has been done up to this 
time, and tho coils ha\o escaped 
all lmini since the intioduction 
of tho msliumcnt pioteolois do- 
senbed us we pioccod The most 
sc vc ic elleels Iiave hilhcnto been 
obscived at the Bishlapm o station, 
whoio tho mstuimcnts iuo intei- 
fyased in the hue Tho accompanying woodcut slums tlic iflut 
of a dnect flash on tho coil in use on the evening ot ilio 2 1st 
IVIaidi, 1852, at half-past 8 p,m. Tho flash tuiveiscil the m- 

u 2 
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stmment, burned the card frame, mill melted the ends of tlic 
wires into heads,* 

By reference to Fig, 98, the construction of the lightning 

protector used on our instru- 
ments will be understood at u 
glance* A strip of sheet cop- 
per, J inch broad, is inlaid on 
half the ledge of the telegraph, 
and then cut by u Hue files 
across the uiidiilu, The ter- 
minals of the telegraph foil 
arc joined in metallic font wet 
to each of these copper htmps. 
A lightning discharge* of high 
tension entering the slntion by 
the line wire, explodes aero. -is 
the eut, and only so small a portion traverses the coil ns to tin 
this no harm. 

Since this simple pro- 99. 

tector has been adopted 
we have not lost n coil 
in any of our offices, 

l^or the general pro- 
tection of the persons in 
the offices the following 
arrangement is adopted: 

Along the edge, and 
on the surface of the 
instrument-table, is in- 
laid a strap of thin sheet 
copper, 1£ inch broad, 
one end of which is ‘at- 
tached to the earth or 
river line by a strong 
and clean metallic con- 
nection, 

* In less ^han ten minutes, tlio signaller an duty, Charles Todd, placed 
another coil in gear, and while the storm was raging, ic nor Led by Udo- 
grnph to Calcutta wlmt Imd laic on ptneo in his ofllea, ' ' 
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The hue w no u uhnig the table in tin 1 wooden liatten, uses 
to n binding seiew at the ooinci of the tuble ft t to xvhich it m 
cumtu'etcd A ime silk to\cml wne, teething,, w omul m a 
spun! cod one inch m dmmelei, is ltd Ii<» n this sorely aill | 
tended on the smiaee of the coppm diup, to nithm Imlf-niMnch 
of its mil, when it turns off to join tin end of the telogmph cod 
A second simp of ooppci, piecnuU nuuihu to the Hist, is now 
lend <m»i the extended spnnl, and hi nd\ w t m contact with the 
1mm sfinp by wooden m In ass cleats wu wed on the luhlc 
A dash mltning the office 1ms to pass hv tin fine xvtu* between 
these two htinps of ooppei, and will m |VU ' lus ^ ^tnkc offto 
these tin the silk coaling oi the wins and escape to the 
tun Hi A flash passing m this niumin. «»«J pei Imps buyn the 
silk, mid 1 ) 101(5 the fun wncinto contact wilh the roppei.tlms 
iutei< t pting the tdegiaph cumiUs Miouhl this happen, the 
uppoi fcluip eim be lcmmcd by tinning the denis, and a fiesh 
win spud in «n ted m 1c ss than two nuimtes, two m tlnee spnie 
spnaK hung always kepticndv f° ! the puiposn * 

1 lie innci sm face of the eoppoi atiaps should ho toughened 
hy < om so ssiind-papci, m oulei to piescnt u multitude of points 
to the lightning disc Inn go 

To ic M ime, we lime at page 41 iWiilnd the lip, 1 iliuug eon- 
dmtm to be attached to each post , W> lo the mih , ntpagcdl, 
the intern ptois to he used outside cadi oflho, and nl each side 
of t w i y u\a oi subliuuuemi line, wi i lime hue shown the 
] note < toi s to bi used in each ofluo, and foi <'eiy instnmicnt 
All oi the so me, inmeovu, of the cheapest and simplest kind, 
noil then elllc acy puned hv the' cxpiucnn oi tv\ t> jems m n 
ti epical ctiiintiy, wsitcil hv tunin' thumb i-stonns The wutci 
1ms on timny occasions witnc ssed, with dup and guileful satis- 
faction, the ti ampul peiionuance oi thin duties by nil pci f on a 
employed m the oil ccs, while the ahnosphcic wech m a blu/c of 
lightning, and ticos and minimis stunk down within n lew paces 
of the house | Hut it must Ik uuplmht idly impt ossed on the 
attention of evoiy one tonccined, that neglect of the simple 

* Tli re 1 e Piurala arc 4 made Iw c oiling tho wha round a common olllu' uihii 
\ 'flic hi (nets mo on olhUul nuifd la tliu lag-liooUsul iho (JiduitUi nnd 
Diamond I Ini hour dines 
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precautions described will inevitably, in India, lead to the most 
disastrous results. A telegraph line is a snare for lightning. 
We can, however, direct the meteor where we choose, or dimi- 
nish the risk to a degree compatible with the safety of nil 
employed, by the simple appliances thus described. 

It is desirable to notice here the ligh tiling protector s generally 
employed in the English and other offices. 

Mu, Walker’s, — The annexed description and figures arc 
taken from Mr. Walker’s " Electric Telegraph Manipulation,* 1 
pages 63, 64 

" Fig. 100 represents tho lightning conductor half full size. A i* n 
brass cylinder, t- 10 inch thick (shown in section in the figure), in pci feet, 
metallic communication with tho earth by u stout wire, niul insulated from 
the conducting wire by a disc of boxwood and a boxwood bobbin. The 
ends of the bobbin closely fit tho innor 
surface of the cylinder, but it is slightly 
grooved in its course to receive two or 
three layers of a silk-covered eoppor 
wive, finer than any elsewhere to bo 
found in the instruments. Tho wire Is 
further furnished with two nuts, fitted 
with points mndc by gauge to approach 
almost within hair's- breadth of the 
cylinder, The boxwood terminal ions 
are also capped with brass discs. From 
the upper disc poinls approach tho earth 
cylinder, and from tho lower end of tho 
earth cylinder points are presented to 
tho disc. Tho object of the coll of very 
fine wire is, that, from its tenuity, ami 
from its juxtaposition to tlio earth 
cylinder, it shall liavoa better chance of being burned in an extremn 
case than either the wire of tho boll coil or that of tho needle coil, 

“The first set of these conductors wore placod at Tunbridge AVoIIh 
S tation, and not many weeks bad elapsed before a I igb tiling ila^h onto ml 
the station, and it behaved with the apparatus ns I had been led to ox]ii»nl» 
It passed safely through llio stout wire, and on arriving nl the 41 ho win* 
it darted oft’ to tho cylinder, and by its explosion singed tlio silk anil im- 
posed tho wire, In this case the flash was moderate, and the wiro ivwa 
not burned." 

Mr. Walker's protectors arc used in all the offices of tlio 
extensive district under bis superintendence, and tiro iiImo 
adopted on some other lines in England, 



Fig. 100. 
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Mr, IIiqiitoNj ill his mtuostmg voile on tho Tdtguiph, 
tlius dcscubes tho veiy simple isystoin vlucli he 1ms adopted — 

“ These deflations ofkcta mo now entirely obviated 1 hop 1 an pm sued 
by tlio authoi la ns IoIIovvb A poition of the wno circuit, fat ft x m 
eight inches. Is enveloped m bibulous papci oi silk, aiul a muss of metallic 
filings m connexion w ith tlio earth 1 a matin to aimouml such iohihi^ 

1 lua an nngentent is placed on each sale ui the Utogtaph instrument nt 
a station When a Hash of lightning happens to bo into u opted by tho 
wires of tho tolcgiaph, the invnmla oi inflmlcsinmllv line points uf 
motel in the filings sumumding the v\no nt a station, and huum'* con- 
nexion vv ltli t ho eaith, at onto diaw otl mml} tho whole dimgo of 
lightning, and can^ It aofuly to tho cunth 

14 This an an gem cut at onui jn t\ cuts any thmgu to the tolegt apli instru- 
ment Not a coil niuloi tlio authors ohingo has boon fu cd when* thin 
plan has been adopted I ho cheapest intlhud is as fallen* b — Tuiio ii 
small (leal box, any qw or twelve inches lung, vwlh a tin plntc, and put 
this pinto m connexion with tho eaith, Jill tins box with non filings, and 
then sun ound tlio vyug (beforo it cnteis a tolcgiaph mstiumont) with 
bibulous or blotting papoi, aa it inns thiough tlio < eutio of tlio box All 
high tension cleUucity collected hv the wires will at onto chut llnougli 
tin an m tho lulni lows papu to tho monads of points in Hu non filings# 
mid tin nee dncct to tho eaith, and thus tho tokginnh instuiiuout will bo 
reiukicd incapable of being damaged (\en dining tlio moBt fcniliil 
tluuuki stoims tlmt may occur ” 

Mi Dr hi n (* pioposes a conduelm c onsistmg of two pic< c > erf 
Inass, each 2^ niches long, \ inch Inotid, \ inch thick, "ioo\e<l 
on the Miifhcc, one Ion- , j u/ 102 

gitudinully, one tuvps- 
\euely, stpmatcd fiom 
each other by a double 
fold of flftiuu 1, mul one 
connected with the line 
\snQ,lWi one with the 
eaith, o v)y the whole continued m a solid picco of inithogrmy* A 
figuic is given of this uuungi ment, which rtifleis m no < suentnil 
paiticuhu from that used by M. feUmheds on the Pmssum lines 



French fife! hod 

At pages 40, 50, 51, wo have desmlu d the pioitx U»h au topic «1 
on the lines and oulside the offices, In the o filets etieh inslm- 
ment has eitliei of tho following eoiitnvunces — 
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The line wire is led to a brass binding screw, from which is 
led mi exceedingly fine iron wive, 2J inches long, passed through 
a piece of thermometer tube to a second brass binding screw, 
the supporting piece of uhich has eight sharp tooth.* 

The earth wire 1ms a similar brass piece with eight teeth, 
screwed on the same board, the teeth all but touching those 
of the line wire. 


Fit}, 103. 
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A discharge passing through this instrument will hum the 
fine iron wire, mi«l the excess pass by the points to the earth. 

For the double instrument, subsequently noticed, M. lhcquet 
employs the same arrangement, also double, substituting n coil 
of exefecdingly fine silk-covered copper wire for the iron wire in 
the glass tubes, 

M. Stein iikils, of Munich, has introduced on the German 
lines a very efficient protector, ’which we have described nt 
page 53, 

In America, it is stated by the latest authority t that 
t( interruptions from atmospheric electricity have been grimily 
redgeed of latcj and it is confidently expected that they will, 
at no distant day, be entirely overcome. One of the means 
used at present is by putting on a lightning arrester neat* the 
recording instrument. This arrester is formed of ti littlo glass > 
globe, surrounded by a semi-circle of small points like needles, 
that approach quite close to the ball. These points carry off 
the lightning to the earth before it reaches , the instrument* 
The diminution of interruptions by thunder-storms has been 
reduced 30 per cent, by this means ntonc.” 

* This fluo wire is senveoly visible, and tins engraver '1ms omitted It in 
the cut. f Jones, J.D7. 
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TBIALH OF THU INDIAN INHTH UMENTri IK MfiLAND. 

In non elusion of tins notice of tho Bengal instruments, it is 
right to state hove tliat these liuvtJ been subjected to experiment 
in England, with references to the (list uncus through which they 
cmn be worked, on lengths of line which we could not command 
in India. The results are shown iu the annexed official reports, 
which we conceive to afford fair reasons for our continuing 
these instruments in use on our lines pending the official tvinls 
of other apparatus, 


Experiment* ? by Messrs. Stutham % limn ton, and the Writer. 

(hut a* ink'll a (Company’s Woiku, 

1H, Whinfooml, City road. London, 
July 7, 1862, 

Trial of an Electric Telegraph Instrument, ono of those which 
have been in actual use at the Calcutta Oflice. lhvKimt, 
Samuel Stalhnm, Esq., Director of Gutta-percha Works; 
Mr, Kichtml 1 iwv Bnnilim, Chemist to Guttn-perclm Com- 
pany ; l)r. W. tt O’Slmnghnessy, Superintendent II. E. I. C. 
Electric Telegraph lines, 

1st experiment, length of lino tried, 200 miles, No, lf> copper 
wire, double coated With gutta-percha, submerged in HogfiiCs 
Canal i circuit completed through earth by the gus-pipew, lot- 
tery used, sand and ueid ; plates .'i* inches by *TJ indies. A single 
needle instrument of Cooke mu! Wheal stone's in the circuit at 
near end ; instrument on trial at distant end of line. With 1 
cell the needle was dellccted by alternate bents, full rnugu of 
stops, ono inch apart. 

2ml experiment, 1 100 miles siumMvin', not in water ; 200 sub- 
merged as above 5 total, f) 00 miles; earth circuit. With L cell, 
index moved; with 2 cells, moved distinctly; il cells, very dis- 
tinct, hut sknv, and not to lull rang*! of stops ; '1 cells, ranged to 
stops, hut slow, Single needle inklnnucnt, Cooke and Wheat- 
stone’s, gave no visible deileetion up to thin point, although at 
near end of circuit. Willi 0 cells, and the iiisiimuent under 
experiment, heats strong and distinct, and sufficient for practical 
work i 12 cells, too strong, index recoiled from the stops. 

Certified to be correct. 

Ha Minin Statu am, 

UlOllAItD D, Huunton* 

11 5 
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Experiments on Submarine Line between Dover and Calais, 

thibwai inn Tcskgmph OAico, Dover, 

7, 01 /nonce- place, July 23, 1862. 

The four wires of the submarine telegraph between Dover 
Mid Calais being joined together, making a length of about 130 
miles of continuous wive, signals were produced as follows, on 
Dr. O’Slmughnessv^ instrument, one of the East India Com- 
ifiiiy’H single needles being included in the circuit, 

One pair of plates— signals clearly visible. 

Two ditto— very fair. 

Three ditto — good. 

Tour ditto— strong and effective. 

This experiment was tried in the presence of Dr. (VShangli- 
nessy, Mr. Stadium, of the Gutta-percha Company’s Works, and 
A. 1). Evans, telegraph clerk at Dover, who stated he could 
without diilieulty communicate and read at the rate of twenty 
words per minute,* by means of instruments of the construction 
adopted by Dr, O’Shnuglmessy \ of this 1 lmve myself no doubt* 

Charlton S. Wollaston. 


Letter from C, V . JVulkir , Esq , & 'ttperinttndtmt, South Eastern 
District, 

South Eastern hailway, Electric Telegraph Cilice, 
Tunbridge,' August 1 8, J 8 A 2, 

JTy 1)eak feiu, — I have much pleasure in giving you uiy 
opinion of the experiment tried here on the 7th and lltli iusts., 
with your horizontal galvnuomctcr, by yourself, in my presence, 
and in that of my clerks and assistants. 

Tour instrument was inserted in the circuit of the through wire 
from London to Dom (K8 miles), and the effect of the signals 
passing and repaying between the termini was observed on your 
needle. On the 7th l saw it receive messages between Ton- 
bridge and London, us on the ldfch between Tonbridge mid 
Dover, using our apparatus (in the absence of your working 
key) for transmitting the electric force, but reading olf from 
your needle, which I did very successfully, l also tested your 
horizontal needle against our usual vertical needle, with a 
weaker force, and found the sensibility in favour of yours. It 
appears to me that if wc can ourselves read oil' from mi hori- 
zontal needle, conveniently adjusted (which would be easily no 

* $inglo needle; equal to forty words per mhiuto with a pair or double 
noedlewjrc.— W, 13. O'S. 
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coniniishcd), we should gain in several ways. The needle being 
much smaller, on a pivot* is move delicate. It requires (ns 
you lmvc proved to us) a very few feet of wive, instead of many 
yards, for the coil, and each yard of wive saved is equivalent to 
mere a sing the distance to which a given electric force can act 
profitably. The great advantage of an horizontal needle, which, 
as a practical man, t can fully appreciate, is the facility with 
which it can be renewed, and magnetised when affected by 
lightning. This, with me, at this season, is a serious matter. 
I have BO telegraphs and stations, and 2 11 needles, and have 
hut four stations with assistants competent to magnetise, more 
from the difficulty of unshipping the needle than aught else ; 
but with the use of such simple arrangements as yours (anil I 
do not know why it has been overlooked heretofore), we could 
get over this difficulty. 

I am, my dear Sir, 

Very sincerely yours, 

CHARLES V. WAltKlftH. 

To Dr, O’Shaughncssy, 


INSTRUMENTS IN USE IN ENGLAND AND OTHER 
COUNTRIES. 

Hut a brief notice is required here of the instruments in use 
in England and other countries, the object of these pages being 
solely that of directing the construction of the Indian lines, and 
the first organisation of the offices for correspondence. 

Through the liberality of the Court of Directors of the East 
India Company, a fine collection 1ms been formed in duplicate 
of nearly all the instruments actually in use in England or other 
countries; and some have been added which have not been ns 
yet tested by actual experience, but which are considered of 
good promise. 

On the completion of the first long line in India, all these 
instruments will bb fairly tried, and, according to the result, the 
best will be adopted for general use. 

TELEGRAPHS IN USE IN ENGLAND, 

Cooke and Wheatstone's Needle Telegraphs. 

These instruments are employed almost exclusively on all the 
lines worked by the old Electric Telegraph Company, 
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This telogvapli consists of a coil of fine wire, covered with silk, 
placed vertically, enclosing a small rlioinboidnl needle of mag- 
netised steel, mounted on an uxis, which also bears an index 
needle outside the coil. The vibrations of this index, checked 
by a stop at either side, give the beats required for the formation 
of the alphabet* 

In the same frame is also contained the Current Director, 
which sends the battery current along the line, each station 
passing its current through its own as well os through the dis- 
tant instruments. This Director is a very complex arrange- 
ment of metal cylinders and springs, which could scarcely he 
understood hy description or figures, without the opportunity of 
dissecting the instrument itself. 

These telegraphs are either single or double. A single one i<i 
shown in the annexed cuts. Fig, 1(M exhibits the exterior. 
Fir/. 105 the internal arrangements. The current proceeding 


Fig. 101 . 106 . 



from the copper side of the battery enters hy the brass strap / *, 
and proceeds by a spring to a metal cylinder, C, on a prolonga- 
tion of which outside the frame the signalling handle is mounted. 
Prom C it passes to R, enters the coil B, circulates through it, 
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and leaving it by C, enters the line wire ns 'indicated by flic 
arrow*, losses on to and through the distant instrument, re- 
enters the near one at V’ 4 , passes by the spring t, descends by 
It, and returns to the zinc side of the battery by V at s. 

The projecting studs on the cylinder C arc so arranged with 
reference to the springs, that by deflecting the handles to the 
right or to the left, you reverse the direction of the current on 
the line, and bring this into contact alternately with the copper 
or zinc side of the battery, so ns to render the line positive or 
negative at pleasure. 

The coil is made in two pieces, one of which being moved 
aside gives, access to the magnetic needle, for the purpose of 
refreshing or changing its state of magnetism when this is de- 
ranged by atmospheric electricity, or hy # the violent action of the 
battery currents so improperly sent through the near coil in the 
practice of the English uflicea, 

In the telegraphs of this kind first used on the English lines, 
the length of wire on the coils was enormously great. Two mag- 
netic needles were used, the external one being placed with its 
poles in the opposite order to those of tin* internal one. The 
needles were long and light, and, as at present, so weighted that 
they always resumed the vertical position hy the force of gravi- 
tation w-hen the electric ciment erased to cause a deflection to 
either side. 

The needle telegraphs now most in use have been much im- 
proved by shortening the coil of wire to a few hundred from 
many thousand feel— by shortening the inner needle— discarding 
the external one, for which n light ivory index is substituted — 
and mounting the coils so ns to facilitate their being moved and 
opened. 

Notwithstanding these improvements, it is amusing to see 
liow flics natural tendency of patentees and instrument makers to 
render their apparatus as complex ns possible, lias succeeded in 
changing the simple and beautiful multiplier of Selnveigger into 
the diilicuUly intelligible apparatus now before us. 

The best, instruments of this kind which the writer has seen 
are manufactured by Mr, W, Heid, of University -street, London, 
at j£t5 each for single, «£12 for the double kind, 
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The rate of signalling obtainable with these instruments by a 
thoroughly practise cl signaller, reaches twenty words with the 
single, forty with the double telegraph i in one minute. But 
much of this “fast” signalling is accomplished by bold guessing 
and <f cutting in," and the English offices accordingly repeat 
back all messages from the distant station, at a heavy additional 
charge to the correspondent, as the condition on which alone 
they guarantee the accuracy of the despatch. 

The double needle instrument requires the use of two line 
wires, but lias the advantage of being worked by one operator. 

The alphabet in use with these instruments in England being 
an arbitrary one, is learned with difficulty by most persons, by 
many cannot be mastered at all. The needles are exceedingly 
apt to become deranged, and correspondence is then generally 
interrupted till an expert person can be sent from head quarters 
to open the coils, remove, rerangnetise, and replace the needle. 
If this causes serious interruptions in England, with its railway 
speed of travelling and its well-manned bead stations, wc can 
readily estimate what would take place with such instruments in 
India, where travelling is considered fast when it reaches six 
miles an hour, and expert mechanics arc to be found only at the 
capital cities.* 

Next in importance of the instruments in use in England, is 
Bum's Chemical Marker. 

This instrument causes hints dots and lines to appear on u 
band of paper unrolled by clock-work. The combination of 
these dots and lines gives the alphabet, aud the signals are thus 
permanently recorded. 

The current from the distant station passing by a single wire, 
is received by a small fine wire electro-magnet (see page 25) 
placed horizontally, aud before the poles of which is placed a 
small piece of soft iron, poised on delicate pivots, and kept 
slightly apart from the electro-magnet by a fine li air-spring of 
spiral brass wire. 


Sec Mr, Walker’s Letter, pfigo 131, 
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When the current passes, the attraction of this piece of iron 
mnlces two platinum points touch each other, When the cur- 
rent ceases, the hair-spring removes the iron, and the platinum 
contact is broken. 

These platinum points serve to establish and direct the current 
from the station or near battery on the chemical marking appa- 
ratus. 

This consists of clock-work, which unrolls a tape of damp 
paper previously soaked in a strong solution of equal weights of 
nitrate of potash, yellow prussiatc of potash, mul muriate of 
lime. This hand is unwound from a brass roller in metallic 
■u out act with the zinc side of the station battery, 

A piece of iron wire, supported by a binding screw, rubs on 
the upper surface of the prepared paper. Tins iron wire is so 
arranged with reference to the copper side of the station battery, 
that the movement of the platinum points above described 
Onuses the positive current of the station battery to pass by tlie 
iron point through the prepared paper. The iron is corroded by 
the nitric acid of the saltpetre, and Prussian blue is formed by 
the prussiatc of potash, A dot is produced by a momentary 
contact, a line or dash when the contact is somewhat prolonged. 

This is an excellent instrument, both in principle and in prac- 
tical use, It js at present used for direct correspondence be- 
tween London and Glasgow. Prom twenty to thirty words can 
bo transmitted and recorded by tins apparatus in a minute. 

The chief objection to its general use is the representation of 
letters by dots and dashes intelligible only to a trained operator. 

The price is moderate : a pair made by Mr. Kohl cost C £ J 32. 
The clock-work was substantial and good, but the arrangements 
of the connexions for throwing the local battery current on the 
murker were excessively and needlessly complex, and liml to bo 
replaced by a different one before the instrument could be made 
to net with a single wive nnd earth circuit, 

The instruments above described, with the double needle tele- 
graphs of Cooke nnd Wheatstone, are employed to the exclusion 
of all others on the great lines belonging to the old Electric 
Telegraph Company. 

Mr. Wheatstone’s step by slop apparatus, which by a very in- 
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genious arrangement of clcntro-magnets and olr 
a "message to appear letter by letter on a \vhc:o 
pointer to pause before the letter required, is no 
England. In a very modified l’orm it may be Kli 
of the foreign railways. Its movements were f 
slow and too subject to derangement to perini 
adoption. 

Henley* s Induction Telegraphs » 

These telegraphs are in use on lines construe* 
pose between Liverpool and Manchester, mul 
and Galway. Lines of subterranean conductor 
laid for the same company between London n 
In Henley’s telegraphs the signals arc given h 
needle to right or left, the index following the, 
small steel magnet of peculiar form, alternate! 
rapclletl by a soft iron electro-magnet when exei 
current, 

Thf currents are Mipplied by an induction 
listing of a very powerful compound magnet of 
inumnitly magnetic. A piece of soft iron is alt t 
approach and recede from the poles of this msijj; 
The soft iron is wound with several Ihousuntl 
sulated wive. IV hen the soft, iron approaches 
magnet it becomes a magnet for the time, nml 
d only removed this temporary muguetbm ceases, 
electric current is thus generated in the fine wsi 
the line, aiul reaching the distant station, t'inut 
signal electro •magnet, and causes the deviation < 

These instruments are exceedingly well ms 
tentee, Mr. Ilenley, St* JolmSwcmd, Islington, 
each. They are worked by two wives, and i 
battery * According to the statement of the pa 
capable of transmitting signals under circuit 
would stop the action of other instruments, mm 
insulation on the lines giving rise to toss of e 
rived currents. 

.The writer in 1839 made numerous experimen 
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mission of signals by induced currents with apparatus different 
in no essential character from tlmfc patented by Mr. Henley, 
The results were not satisfactory. Again, on the lines now in 
operation between Calcutta anil Kedgeree, and on which wo 
insulation is resorted to, while induced currents of high intensity 
are totally lost, very feeble voltaic currents work the instruments 
perfectly in the thickest fogs and heaviest rain. 

These facts render the successful application of Henley’s tele- 
graphs on the Indian lines a very doubtful question \ but the in- 
struments sent out shall haye a careful and fair trial. 

Devm/s Needles . 

Mr. Bering, of Welwyn, lias patented several "improve- 
ments” in electric telegraphs, and some instruments of his con- 
struction arc. now in successful operation on the London anti 
Dover subterranean Une3. 

In his needle tclegrapim hq places "the centre of gravity of 
the needle immediately below the centre of motion, on the prin- 
ciple of the short pendulum ” — a good arrangement, but by no 
menus a novel one, Needle instruments of this kind have been 
'inn do in Calcutta, and tried on the experimental lines from the 
first 

Mr. Boring also places the pivots in tin angular opening, not 
in round holes, and this he states diminishes the oscillations 
which the needle makes on returning to the vertical position, 

Mr. Bering, in some instruments, uses coils so wound that the 
needles are Attracted or repelled by the aides of the coil, not de- 
flected in the usual manner. This is identical with the principle 
and arrangement of Mr. Allan’s telegraphs subsequently noticed, 
and both are hut a modification of ono of the common instru- 
ments used by lecturers in demonstrating 'the principles of elec- 
tro-magnetism, and figured by Dr. llogel, in the Library of 
Useful Knowledge more than twenty years ago. 

•In the telegraphs by Mr, Bering now in use in the London 
mul Dover offices, an electro-magnet ia employed to deflect the 
needles suspended as above described. Be specifics in his 
patent that the length of the soft iron is not to exceed the dia- 
meter, and by this moans, lie asserts, all residual magnetism 
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is completely prevented. He further uses no connecting piper 
of soft iron to form the legs of the electro-magnet, which 
amounts to dismissing the horsc-slioc magnet, anil cm ploying 
two bars in its stead. 

For the results of our experience as to the inefficiency of lIivru 
means in preventing residual polarity, the reader is rcfcuriUo 
pages 25 and 26, 

Instruments in every essential respect the same as Mr, Dar- 
ing’s have been already in nsc on our lines, and given up in 
consequence of their liability to derangement by natural cm mils 
and the effects of lightning. Nevertheless, in order to test llm 
plan with the utmost fairness, six of these telegraphs burn hrcii 
purchased and sent to India at the very moderate cost of ,1’ 10, 

The contrivance by which Mr, Dering directs the battery cur- 
rents on the lines, and alternately reverses their direction, w n 
very great improvement on the complex plan adopted in llm 
ordinary telegraphs, and figured at page L'i2. 

There arc many other inventions by Mr. Dering, which i wliilnt 
great ingenuity, hut which do not require notice lien*, mi they 
have not been adopted in actual use, anil are considered lav too 
complex to be employed in India, 

High ton's Telegraphs, 

Several patents have been taken out by the Messrs, lltghlmi 
for telegraphic instruments, and the British Electric Tvh'gni|dl 
Company has been formed to work these invcntioiiH. 

At present Ilighton *s “ commercial telegraphs’* nrc in me tin 
a line between Leeds and Stockton, Lines arc in cmiHlrurlimt 
for the same company from Glasgow, vid Dumfries, lulled*’, 
Ncwcastle-upon-Tync, Leeds, and Manchester to Liverpool, mid 
arc thence to extend to London, 

In an interesting little work on the electric telegraph, mvully 
published by Mr. E, Ilighton,* the inventions of that gent Ivuiioj 
and Ins brother, the Itcv. II, Ilighton, arc described gnimdl>, 
but not in sufficient detail to be readily intelligible wit hold 
drawings or actual inspection of the apparatus. 

T . * w The Electric Telegraph, its History and Progress.” lly I'ilwnr>! 
Ilighton, C.E» t2mo, pp, 170. AVealc, Iloiborn, London, 1000. 
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Instead of needles Mr Ilighton employs small light steel 
magnets of the hoisc-slioe shape, which he states aio fui supe- 
rior to the old foim 

Mi Iligliton’s ** commercial telegraphs” cost £ 4 b each. 
They aio lenmikably ingenious, and the wntei icgicts that Mi 
Ilighton’s numcious engagements pi evented the supply of a pan 
icquested foi tnal on the Indian lints, within the penod allowed 
toi then dehveiy 


Brett's Pj uiting Telegraph 

This cvpits tely-heantiful mstiument is, m paitinl use in the 
London, Lo\a, and Calms offices of the Snbnnume Company* 
Using one wuc only, it pi mis its despatches m capital lettei s 
on a band of papei deliveml by a tiam of clock woilt actuated 
by weights In piactiaed hands it punts about ten woida, or 
filty Ictteis, in a minute 

u vciy simple and effective mechanism, on the punting of 
each lcttci, the tiain ictuins by a bound to the /cio or staiting 
paint, so that ciron aie vciy larc and only atfect a single lcttci 
without tleiangmg all in sequence, as was the case in the oldei 
u step by step” appaintus 

This 111 stimncnt consists essentially of a vuhcid elcclio-mng- 
net, winch, alternately by reversal of its poles> attiaots and lcpols 
n very light steel magnet of a double home-shoe shape, the 
increments being about one eighth of an inch m each dotation, 
and taking place m ft hoiuontnl plane* 

Each movement is communicated by a veitical spindle to an 
escapement pin, which hheiatcb a tuuii of clock-work, homing a 
small wheel with twenty-foui types ananged on its cucumfuencc 
Each movement of the escapement pm allows one tooth oi type 
of this wheel to picsent itself in succession at the top oF the 
wheel under a hand of papa While any lettei is thus brought 
into position, the n\lc of the type-wheel winds up u small 
weight, and simultaneously lifts the piston of ft little wntei 
pump When the lettei lias become veitical, the pause made by 
the signallei permits tho wntei piston to descend, and this libe- 
rates a second ii am of wheels, and a combination of ecceutuc 
levcis, by wlucli the baud ot papei is made to touch the type, is 
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drawn forward far enough for the next letter, and the srrmll 
weight previously wound up is set free, bringing back tlio type- 
wheel to the zero or starting point. 

It would he almost impossible, even with accurate drawings, 
to render the mechanism of this most beautiful machine intelli- 
gible to ordinary readers. A pair has been supplied for triiil in 
India for ^100, niul Mr. Brett offers all subsequently ortiurotl 
for half that sum. 

The advantage of having despatches recorded in oi'iliiiwy 
characters, legible by all educated persons, and needing no pre- 
vious training in the signaller, are too self-evident to require 
much coimncnt. The mode of arrangement and seiuliuK 
despatches by Brett’s instrument can he learned by any oiii' iu 
an hour. The plan, moreover, allows of abbreviations in worth 
and sentences, which could not be permitted with instmnu'tib 
leaving no record of their work, or one in arbitrary symbols iu- 
tclligil)le,only to a few trained signallers. 

On lines much employed for the transmission of Govorin ih'uI 
despatches on diplomatic, judicial, or financial busmens, t In 
printing system would prove of the utmost value. JlcsjmtHuv 
may be conveyed iu any language. In India, Latin or 
would be commonly employed for Government purposes, ui ul tint 
tlie despatches made unintelligible even to the clerks on duty* 

To balance these advantages there is the extreme cmnjiVxiti 
and delicacy of this machine, which would require two sUilfu 
mechanics to he retained at every station where it might hi* rm 
ployed. Even iu England this seems to have much impotlcil it: 
introduction. The American instrument of House, subserfucidl; 
described, shows that Brett’s telegraph might ho umcrli itu 
proved, simplified, mid strengthened, if the interests of llin ptv 
tenteos permitted their combining iu one instrument, purtH o 
the mechanism now used separately in both. 

The next English instrument to be noticed is 

Allan's, 

These are not as yet in actual use in working lines, hut n coin 
pany is understood to he formed for their introducton. 

In one form of Mr, Allan’s inventions very small coils of win 
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arc made to act externally on ft compound orucifoim steel magnet, 
ami by its alternate atti actum and lcpuiaion, uctuate nn nulex by 
the beats of wlucb tlic signal is communicated 

Tlio most icmmkable of Mr Allan’s inventions is one in which 
a i evolving pointei pauses hcfoie the letter to be signalled in an 
alphabet cngiavod on the dial 

The pointer is moved by the attractions and impulsions alter- 
nately excused on a magnetised piece of steel by an electro- 
magnet* and communicated to a pau of small 1 at( bet wheels, 
veiy delicately constructed aud pivoted* and on the avid of which 
the pointer is mounted 

Should au enor arise m the receipt of a despatch, the leceiver, 
by turning off the distant euircnt and using Ins own, sends on 
the pomtu to the staiting letter, and at the same this is notified 
to the sender by the cessation of the movements of Ilia own 
index 

The power employed is an induced current of very great in- 
tensity, genuated by an clutro -magnet of soft non excited by 
thick wue, aud a battei y of three 01 fom laigc couples, Out- 
side the thick wire is a fine wire coil The making or biealnng 
of the pumary ciu rents in the thick wue genemtes intensity cm - 
rents m alternately opposite du actions m the fine wue, and these 
are diucted mi the lme to the distant station 

Two sets ol Mi Allan’s instruments have been, supplied for 
our collection, and foi experiment The needles at C21, the 
lettering pointcia at J?u() the pan 

The ciiihcst application to tek giaplung of th i. induced currents 
genciatcd by clcetio magnets, was by the vvntci of these pages 
m 1839 Ilis ivpciwumts me descnbul m the Journal of the 
Asiatic Society of Bengal, published m Calcutta m that vcai, 
'Die amuigcmcnts by JUi Allan me, however, highly origiual, 
and promise in piaetice to afford valuable results 

TRENCH INST RUM 1 NTH 
Bi oyuet's ♦ 

Hut two kinds of instruments aic employed in the Ficnch 
offices. One foi lailway piu poses mid shoit lines, shows letters 
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on a dial by a revolving pointer. This instrument is worked by 
an electro -magnet and one wire* is difficult of adjustment, and 
slow in its operation. But it has the advantage of being 
available in the hands of all persons who can read, without 
tedious preparatory training, 

Par the purposes of Government and the community gene- 
rally, an instrument is exclusively used, the invention of M, Foy, 
and made by M. Brcguet, which is admirably adapted to till* 
circumstances of a country which previous to the invention of 
the electric telegraph possessed a most extensive and perfect 
system of semaphore lines, with a numerous and highly efficient 
body of signallers, and a complete system of codes, cyphers, anil 
private modes of correspondence, the inventions of the celebrated 
brothers Chappc, and unknown in other countries. 

M. Foy, the Director-General of the semaphore lines, with 
M. Breguct's able aid, devised accordingly the electric sema- 
phore now in use, which reproduces all the signals of the old 
masts and arms, mid thus renders the officers and hooks of the 
former system available for the public service, with all the ad- 
vantages of the swiftness of electricity and its new application 
to night correspondence. 

The telegraph of Foy consists of two electro-magnets, each 
having a piece of soft iron balanced before it. When excited by 
an electric current this iron is attracted, When the current 
ceases the iron is drawn back by a delicate spiral spring of brass 
wire, the strength of which is regulated by a silk thread, made 
tense or lax by the movement of a pin turned by a watch-key. 

A spiral steel spring, like that of a clock, and similarly wound 
up, is connected with an index which, moved by the spring, can 
take any one of eight positions on a dial, I>y means of an es- 
capement with four projections and four hollows, livery time 
the electro- magnet is excited, one of these projections passes. 
Thus the attractions by the electric action cause four, the re- 
action of the brass spiral four, of the eight steps which each 
index arm takes on tho dial. 

Thus, with two wires and by tho use of two electro-magnets, 
sixty-four positions may bo shown. And wc have the menm 
o£ giving the alphabet and numerals, each letter or number by 
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its own single sign, there remaining thirty signs still available 
for the prefixes, terminations, conjunctions, &e,, of the most 
ordinary occurrence. 

Thirty words spelled in full are thus telegraphed with case in 
one minute. 

These admirable instruments are now in use in the Submarine 
office in Comhill, in direct correspondence with Paris. They 
are best worked by the nitric acid or sulphate of copper batte- 
ries, of the former 50, of the latter 100 couples being required 
for the longest lines, 

A complete set of two of the lettering or railway telegraphs, 
two of the electric semaphores, a pair of loud alarms, with four 
sine galvanometers, and various pieces of duplicate magnets and 
springs, have been supplied for the Indian collection by M, lire** 


guct at the following prices : — 

, Francs. 

Two semaphore telegraphs (rccoptours) H21) 

Two contact arm (nxinipulateurfl) . . . , , , . •HO 

Two lettering telegraphs (rccoptom-a) *101} 

Two contact discs (mniiipulatcura) *200 

Two alarms /(HI) 

Two sine galvanometers J00 

Two ditto, more simple 40 

Two lightning conductors 100 

Two ditto, more simplo 40 

Total francs ‘2,020 

or . . . £10! U)s. 8th 


AMERICAN T ELK (ill A PUS, 

We have next to notice the telegraphs employed in the United 
States of America, the most remarkable of which are also used 
in linden, Prussia, Austria, and Russia. 

These telegraphs are named after their inventory, Mr, Morse 
and Mr. Royal IIousc. 

i Morse's Telegraph* 

Plus instrument is used in more offices and over a greater 
length than is the case with all the other telegraphs employed at 
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this time. In the United States alone the lines worked by these 
telegraphs arc 15,836 miles in length. 

It consists of two vertical clcctm-mngnets. One, wound with 
fine wire, receives the distant current, anil moves an iron armature 
through a space of scarcely more than a hair’s breadth. This 
movement, however* is sufficient to establish contact between 
the wires of a second electro-magnet wound with thick wire, and 
interposed in the circuit of u local battery of four to eight largo 
elements of the nitric acid or sulphate of copper kind. 

This second electro -magnet, thus powerfully excited, attracts 
with great force a massive iron lever terminating in a sharp steel 
point. This point strikes against the under surface of a hand of 
paper, delivered by clock-work, and on this hand the point in- 
dents in relief a series of dots and lines from which a con- 
ventional alphabet is formed. 

Signals are thus transmitted at the rate of twenty-five words 
in ft minute, and recorded as received. 

The blows caused by the secondary or local magnet are so 
powerful as to afford a loud alarm. 

A vertical galvanometer poodle is placed in circuit in the heat 
instruments, in order to measure the intensity of the distant 
current, 

In the United States these instruments arc commonly worked 
through lines of 500 miles. In winter, when these nro insulated 
perfectly by the frost, 1,500 miles have been signalled through 
in n single circuit. 

A Morse telegraph made at New' York, and procured for our 
collection, cost «£T1, but is coarsely made aiul badly put to- 
gether. 

At rVtw’fiugen, in the Black Forest, about thirty miles from 
S trashing, these instruments are made in a very superior stylo 
by Lfiurcms Bob, and sold at 120 florins, or about 10 10s, 
These telegraphs are fitted iu glass cases, provided with reels 
well filled with paper, and mounted on u substantial table, with 
the requisite wire terminals and screws, 

They are also very well made at Stuttgavd, by Geiger, for 180 
florins, about $\4 t 

Two instruments in the East India Company’s collection were 
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procured from Berlin, through M. Siemens, and bef\v the names 
j of “ Siemens and Ilalske” as the makers. Price, .£54 the pair. 
In point of finish auil completeness of all the requisite fittings, 
these instruments cannot be surpassed. 


House's Printing Telegraph. 

This is one of the instruments in large actual operation, and is 
now worked in America on 2,200 miles of lino. A very fine one, 
manufactured by Messrs. Richards, of New York, has just been 
received for the Indian collection, and successfully tested on the 
London and Dover line of the Submarine Company. 

This instrument was invented in 1848, and, although patented 
in England by Mr. llrctt, in partnership with the inventor, has 
never been seen in operation out of America till the arrival of 
the specimen in our collection. 

In America, it is stated on good authority, that about one 
hundred telegraphs of this kind arc now in operation, and seve- 
ral important lines arc worked exclusively by its means. 

Like Brett’s telegraph, House’s prints its work on u band of 
paper in Roman capitals. But the instruments differ essentially 
in all their details of construction' and manipulation, and House 
far excels Brett in rapidity of work, being cnpnblo in practised 
hands of conveying sixty words, or 300 letters, fully printed in 
one minute l 

In this truly wonderful machine, the electric current is trans- 
mitted by a revolving cylinder of steel, which makes aud breaks 
contact twenty-eight times in each revolution with one terminal 
of a voltaic battery, Each letter shown or printed requires u 
certain number of contacts and breaks $ thus, for A, 1, for B. 
2, O. 3, and so on. The revolving cylinder, starting from - — 
or Zero, is stopped accordingly by its cogs being caught by pins 
projecting from lettered keys, like those of a piano, Tims, if 
the cylinder commence revolving at A,, and the sixth key V, he 
depressed, its pin will catch and stop a cog on the cylinder, when 
this has made and broken contact six times with the battery, and 
thus send three currents along the lino, and cause three attrue- 

n 
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tions and three liberations, or six vibrations, in the receiving' 
magnet at the distant station. 

The receiving arrangement is very peculiar, find consists of a 
vertical spiral of fine wire, about 3,000 yards long, wound round 
a brass tube 3 inch in diameter, and 8 inches long. 

Within this tube there slides a brass tube lined with tubes 
of soft iron in eight or ten separate pieces. These pieces are 
stationary, and become magnetic when a current passes in tin? 
coil. Within these tubes is suspended a brass rod, provided 
with a series of light concentric cones of soft iron, each none? 
corresponding with one of the external iron tubes. This brass 
rod is suspended from a horizontal wire stretched across find 
above a massive iron cylinder, in which the whole is* enclosed. 
The use of this iron case is simply to give stability and protec- 
tion to the delicate contrivances which it contains. 

An electric currant in the coil pulls down the suspended rod. 
On the current ceasing tins ascends by the reaction of the hori- 
zontal wire. The play or stroke of the rod is not more than 
£}th part of an inch, is, indeed, scarcely visible, yet this suitlces 
to permit a jet of compressed air to gush alternately into either 
of two tubes from a small magazine of air into a small hori- 
zontal cylinder, in which it blows to and fro a highly-finished 
shuttle of polished steel, The hollow centre of this slmUhs 
moves the stem of an escapement fork, alternately io the right 
aud left, and thus every vibration of the rod and corresponding 
movement of the shuttle liberates a tooth of a horizontal wheel, 
on which the printing types me cut in hold relief. Thin wheel 
being kept automatically woundup by an internal spiral spriug» u 
letter is shown by the recoil of the spring and rotatory progress 
of the type-wheel at every vibration, permitted mid regulated by 
the electric current, 

Wc have said tlmt the condensed air is supplied by a putnp. 
This is worked by a treadle or handle connected with a niaasm* 
vertical fly-wheel placed under the table in a very solid iron 
frame, and on the axis of which a pair of bevel wheels mul a ver- 
tical shaft give motion at the same time to a horizontal wheel, 
from which separate hands impart rapid rotation to the des- 
patching cylinder, to an ofccapcment cap, and to un eccentric arm. 
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Avluch, when the type-wheel pauses, passes the escapement and 
tlr-aws against the type a hand of paper and an inked ribbon, also 
Unrolled by the same mechanism. 

To use this machine a man is employed to work the treadle 
nntl fly' wheel, while the signaller despatches or receives a 
message, which is printed off with a velocity and power quite 
nmnzing to persons who first witness its operation, 

The workmanship of this telegraph is most creditable, com- 
l*ining the solidity of a steam-engine with the minute finish of 
the best clockwork. It is somewhat difficult to adjust it cor- 
rectly, hut, ouce arranged and securely screwed to a firm floor, it 
is evidently but little liable to derangement. 

The use of this machine can be learned in a day. Its 
messages can be transmitted at once in duplicate or triplicate, 
or transferred instantly to atone for multiplication of copies. To 
guide the receiving clerk the .letter telegraphed, painted oil an 
ebony wheel, is seen for an instant at a square aperture above 
tlie type -wheel. The receiver thus detects an error of spoiling 
ixx the message. When this happens lie touches a key which 
bi-eaks the circuit, This is at once known at the despatch 
station. Both operators, by pressing a spring, bring their tele- 
graphs to zero, or the « — — , and then start off again, This ad- 
j nstment is readily effected in three secoiids only, 

These telegraphs cost *€108 each in America, We are happy 
to add that while these pages are passing through the press, the 
Court of Directors have ordered eight such instruments to he 
procured for use on their Indian lines. 


The only other telegraph ■ used in America is "Bands Che- 
mical Marker/* This, by means of prepared paper and an iron 
point, gives blue marks by the distant current directly on a 
horizontal disc, without the interposition of a local magnet* 
Tlie marks consist of dots and lines, and arc made in u close, 
spiral line. The battery currents arc transmitted at the distant 
station by a contact key, one touch of which gives a dot, while 
t\ more prolonged contact gives a line. By a very ingenious 
apparatus, Mr. Bain is enabled to prepare or compose the men- 
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sage to be telegraphed hy punching holes and spaces iti a band 
of paper. This is made to pass with great speed over a brass 
roller, while a steel spring, pressing above it, enters each hole 
and space, thus establishing contact with the brass, and trans- 
mitting the current at each contact. 

By this “fast method f as it is termed, in America, it has 
been proved unequivocally that over one hundred words may 
be telegraphed or recorded in one minute, and by one wire. 

In an experiment witnessed by the writer, the horizontal disc 
revolved at the rate of Ui times in a minute, and each revolution 
recorded *35 distinct and accurate groups of marks, each group 
representing a letter. This is equivalent to seven words in n 
revolution, or 112 words in a minute. 

These 112 words were delivered through a punched paper 
hand, which was found to measure 76 feet *3 inches. 

The punching machine was found to prepare a message at the 
rate of 60 letters (each of four marks) in one minute at its 
maximum speed. This is no move than ten words, so that 
eleven compositors would he required to prepare in one minute 
the message which could he transmitted and recorded in that 
time by a single wire. 

Again, the record of one minute's work is not decipherable 
in less than ten minutes by the most practised reader. 

The strong cm rent of natural electricity always flowing in our 
north and south lines in India would very much interfere with 
the adoption of this method of direct chemical printing. It was 
very extensively used in America, until a recent decision of the 
Supreme Court of Xcw York, which declares Bain’s patent to 
be an infringement of those of Morse, ami has thus excluded 
it from the lines on which it w r as formerly used, in length 2,012 
miles. In England these patents were, several years ago, 
purchased hy the old Electric Telegraph Company, and the 
plan is employed in it few of their offices in the modified form 
described at page 134. 


There is no other instrument at present in actual use winch 
demands notice liorc except a revolving pointer and lettering 
telegraph, by Kramer, of Halberstadt, which is employed on 
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some of the Prussian railways* This is a modification of u mont 
elaborate apparatus invented by M. Siemens, which nttvneU'd 
much attention four years ago in England find Prussia, hut the 
use of which has been abandoned in favour of Mom^a iimhu- 
ments, manufactured hy M. Siemens, and bearing his uuiiut on 
the maker’s plate* 

M. Dujardin, of Lisle, has invented a rGGordmf/ telegraph* in 
which induced currents arc employed to cause the repulsion of u 
small steel magnet carrying a silver pen, the point of which, oil 
each repulsion, rises through a cistern of ink, and murk* i\ dot 
or line spirally on a cylinder covered with paper, moved hy 
clock-work above the pen. 

The mechanism of this instrument is very ingenious. A pair 
have been purchased for ^J31 10s, for depoait in wur Minnnmi, 
and trial on our lines, 


Copying Telegraphs* 

In 1843, Mr. Bain proposed and patented n plim for capping 
by chemical marks, in facsimile, any message, whether printed 
or written, th cfnosmilo being obtained at this dUtunt elation 
hy chemical marks, and in dotted letters. 

Tho machine consisted essentially of two revolving vertical 
cylinders, one at each station, ascending on a acviuv centre, and 
made to rotate nt precisely the same speed, Hint ill great velocity, 
hy clock -work, regulated by pendulums* lty writing Urn mes- 
sage on one cylinder in a non-conducting ink, on u mein Ilk* sur- 
face, and placing prepared paper on the otlmr (cylinder, thi» suc- 
cessive contacts and interruptions with the battery Jit om cud 
were depicted hy equivalent blue marks ami blanks at the. din- 
taut station, on the corresponding cylinder, hy menus (if uh iron 
pen touching tins as it revolved, and communicating tins idcrlrie 
current to prepared paper. 

The plan never came into practical use, nor dm tho wriler 
ascertain that it was ever even tried on any lino. 

In 1848, Hr. E. 0. Bakcwell, of Hampstead, also patented n 
copying telegraph on the same principle na Mr, Bain**, uain^ 
nearly the same mechanism and the sumo ehoimnd ivugoni*, 
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but placing tlie cylinders horizontally instead of vertically, and 
causing the pen to move on a screw instead of the ascending 
motion of the cylinder, in the direction of its own axis. 

Mr. Bakewell states that he lias made a successful trial of Ilia 
telegraph on the London and Brighton line, lie prefers to use 
two wires, and with these he states he can copy 200 letters, or 
40 words, in one minute. With one wire ho undertakes to copy 
100 letters, or 20 words, in the same time* In two experiments 
witnessed by the writer at Hampstead and at Warlcy the results 
were unsatisfactory. 

It is believed generally that the inventions of Bain and Hake- 
well have proved unmanageable through the practical difficulty 
of keeping the separate cylinders in rapid rotation at exactly the 
same speed. 

The writer believes this difficulty has been overcome by expe- 
riments he has just completed, and by which, by totally diftorent 
meclinuism and reagents, copying may be accomplished ut an 
average speed of 20 words per minute by the use of one wive. 

By the machine he has contrived, a letter or despatch, written 
in a large bold hand, in any language or character, is made to 
reappear in facsimile in a permanent form ou paper at the 
distant station. The mechanism by which this is office tod is 
very simple and cheap,* and its use may he learned in n few 
minutes. Should this telegraph prove efficient on trial on tho 
Indian lines, it will prove a valuable auxiliary to the lieciUe 
instruments or American printer, by its affording the me mi a of 
transmitting actual signatures and despatches in any language 
and character, or in symbolic cyphers of any shape, sueli ns 
Egyptian hieroglyphics or Assyrian arrow-heads, for purposes 
of absolutely secret correspondence. 


* Each machine may be made for .£20, 
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PART V, 


MISCELLANEOUS DETAILS 

ON THE CROSSING OF RIV1 RS RY MASTS AND SUSPENDED 
WIRES 

Rvveis under 1,200 feet m bieadtli me to be mossed m this 
manuci m all cases whcio tins is pmcticablc with icfeiencc to 
the height of the masts of the vessels passing undei the lmc at 
the highest level in the lamy season 

It being nnpiacticnblc to give piceisc rules applicable to each 
case, it mil heat fulfil the object of these pages to give an exact 
desonption of some remaikablo nvei ciossmgs effected m this 
mnnnei in Europe 

We aie indebted to Mr II. V, Physick for the following 
details of the constiuetion of the telegraph masts at Noinich, 

The uvei is but 62 feet bioad at high wutei , and then nemly 
level with its banks 

The masts, ouo on each hank, cadi of two apais, aic 150 feet 
npait, and 100 feet above giounck The lower mast is 1 loot m 
diameter, 70 feet above gionnd, into winch it pouetiates 10 feet, 
and is stepped m a buried fiame of two beams, ciossed at a light 
angle, each 20ft long, 6 inches squmc, the ends connected by four 
timbci pieces stiengthcncd at the angles by wi ought non stmps 
and holts, Thcie me fouv timber atiutts, each 12 feet long, one 
fiom each end of the cioss piece, bolted to the mast, 2 feet below 
the (pound Foi the attachment of the stays time me 4 piles 
at equal distances, each 8 feet fiom the mast, 1 foot square, 12 
feet long, shod with non, and piovided with non caps and bolls. 
A stay of 1 inch iron lope leads fiom the top of the lowoi mast 
to each of these piles 

The top mast is 3b feet long, mid 30 feet above tho lowoi 
mast The compound mast being 100 feet above the gioimd 

A ejoss stay of iron who lope nms fiom mast to mast, 7 feet 
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below the top. Two stays, also of iron wire rope, lead from the 
same part of the mast to two piles GO feet from the lower mast, 
and of the same dimensions as the other piles. The topmast is 
secured by 4 stays of iron wire rope, attached to cross trees in 
the usual mode of mast rigging. 

A spindle and vane, serving also as the point of a ligli tiling 
conductor of iron rope, completes the mast, 

The telegraph conductors are 6 wires of No. 8 galvanised iron 
of the heat kind. They ave led through brown stone ware in- 
sulators attached to the mast at its highest part and above the 
stays. The wires are strained tight and led, each set, to a tele- 
graph post 100 feet from the mast, and 35 high. From these 
posts the wires join the lines at each side. 

Instead of the expensive and troublesome plan of framing fur 
the underground work above described, it will be far better in 
India to employ the screw piles, G feet long, of which a sufficient 
supply lias been provided.* These piles will carry ft lower mast 
35 to 40 feet high. Four of the ordinary small piles, 3 feet long, 
are first screwed into the ground each at 20 feet from the spot 
where the mast is to be erected. The mast fitted in its pile is 
raised into its position and steadied, tent pole fashion, by 4 
rope guys lashed as required to a short spar in the smaller pile ; 
4 loops of iron wire on an iron plate fitting loosely on a pin in 
the mast, serve for the attachment of the guys, and keep the 
mast perpendicular while it is screwed into its place. This i« 
effected by lashing a strong spar, by its middle, to the top of 
the pile, hy a piece of chain, and a party of five men at each end 
man this spar, capstan manner. The screwing is easily accom- 
plished in a stiff clay, sandy, or light gravelly soil, in five minutes. 
Four iron rope or rod iron jointed guys should then bo perma- 
nently attached to screw piles of the 3 feet pattern planted 
obliquely in the ground. Each pile has a short wrought iron 
link for the attachment of the guy, and each guy has a tightening 
screw to regulate its tension, 

A lofty mast erected in this manner forms the conspicuous 
flagstaff in the magnificent premises of Messrs, Rnusome and 

* These piles weigh 5 owt, each, price £2 fig, for cnaling, with for 
patent right, ov £3 fis. each pilo, 
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SnniTia, of Ipswich, where the screw piles for the Indian tele- 
nve manufactured.* 


graph masts von tiie grossing op the rlbr, 

NEAR HAMBURGH, 


r'or the annexed details of this very remarkable crossing we 
indebted to Mr, Tupper and to Sir. (J» Gerk, the engineer of 
Mi a line. 

I*ar rivers averaging 1,500 feet in breadth M. Gerk advises the 
Use of masts strongly and substantially built, and from 30 to 40 
leet higher than the highest masts of the vessels which have to 
puss below. This is necessary to allow for a dellcetion of >,' 0 in 
the wire, which, when of the very best description, cun he strained 
tto tighter, without great risk of fracture by storms, or hy the 
weight of icicles in northern climates. 

I^ivc masts, such as we proceed to describe, have been erected 
in 1 848 for the crossing of both arms of the Kibe. 

i^acli mast penetrates 10 feet iu the ground, and is then) 
Wcstlgtid down between strong cross beams, and the whole covered 
with. heavy stones or concrete. About 1(1 feud from the end of 
cadi beam a pile is driven deeply and obliquely into the earth 
IW the attachment of the stays, which are to be iron rods, l inch 
diameter below, l\ inch in the middle, mid A inch at lop, These 
stays lead from the piles to the to]) of the lower mast, where 
tlmy are attached to a wrought iron collar with four eye-holla 
anti rings. At \) feet from the ground each stay is provided 
witU a straining screw by which it is tightened to the required 
degree. 

4 Tho masts described and figured hy M. Gerk are 180 feet 
high, in several pieces hound together by wrought iron rings, 12 
feet in diameter at the ground, tapering to 4 inehos at ihe top. 
Tlio first act of cross trees is at 70 feet from the ground. 
4 benma, each of 35 feet long, me laid cross tree fashion at the 
surface of the ground, the mast in the centre j from each end of 


* Tkjj ov{ ] oir Given of Messrs, Ihmsomo mid fUnnns In for 'IfyiOO idles, 

7 l l J t °S l,lf . ls .^ d « lli l C08t > l mtu, d 'Mm included, (is. tmh 
S2QO such piloa aro finished daily, \ 

n 5 
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these beams a prop is bolted to the mast at 25 feet above the 
ground, and stays lead from the must at 7 A feet high, 

The first cross-trees for the support of the shrouds, are four oak 
pieces, each 18 feet long. The second cross trees arc 8 feet 
long, and are attached to the mast 160 feet from the ground* 
Above this point the spar rises 30 feet, and carries a wrought 
iron cap and pin with a porcelain or stone ware insulator of the 
Prussian pattern, figured at page 53. 

Mr. Gerk employs a compound wire of 3 strands of No, 10 
best charcoal iron, twisted together. According to his own 
experiments wive of this gauge withstands strains, storms, unit 
casual pressure better than any other kind.* 

Mr. Gcrk erects the wire in the following manner : — 

The wire is held ready wound on a reel, like that which ropc- 
ntakers use, mounted on an axle, so as to let the wire run 
freely off. 

The man who ascends the mast winds the end round his left 
arm in a knot, taking care that in drawing it after him it all 
runs free, especially of the backstays, When he reaches the top, 
he draws the end through the lignum vitro sheave which is 
placed there, and either takes it with him below, or else fastens 
it nt once by incans of brass double screws to the other end of 
the conducting wire, which ascends from the last bottom peg, or 
out of the ground. In the latter case the point of connection 
will be in the first or second cross tree. As soon ns this is done, 
two men, holding the reel by means of the staff on which it is 
centred, get into the boat which is lying ready, and a third, or 
the man on the mast, takes care that the wive runs freely off 
during the passage over to the other side. If the river is broad, 
and there is a chance of ships passing by, the wire, of which there 
must he at least 400 feet over length, is allowed to run free in 
the water, whilst the person who remained behind at the first 
mast holds fast, until all is so far in order by the other mast 
that the fixing- on can take place. But if the river is narrow, 
and there is no danger of ships passing by, the wire should be held 
as long as possible above the water, because a possible eiUangle- 

* No, 19 wire, best charcoal galvanised, 1 cwt. contains 7,000 yards, 
l pound measures 22 feet, 2 inches, Price per ton, £51 10s, 
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ment in the bed of the river will thus be avoided, As soon as 
the other bank is reached, about twice the length of the mast is 
let run off the roller, or, if there is more on* the necessary quan- 
tity must he drawn out of the river, To avoid risk of the wire 
breaking, two men go hack in the boat, and, while one vows, the 
other lets the wire glide through his hands, in order to lift it 
from the ground. 

If all is so far arranged, the mast-climber commences in the 
same manner as before to ascend with the end of the wire, in 
doing which lie* as well ns those below, ought to take care that 
the wire runs free, and especially that it does not hook behind 
the eyes of the backstays, As soon as the end is brought 
through the sheave, the man descends with it to the next cross 
tree, binds a weight on and lets it glide down to the man who is 
standing on the bottom cross tree, who takes hold of the wire 
and removes the weight. A strong iron pin must he fixed in a 
sloping direction to the under cross tree, in such a manner that 
the conducting wire may touch no other substance, and particu- 
larly no piece of metal, The iron pin is covered with an insu- 
lating cap, round which the man below lays the wire, whilst the 
one above climbs up as high as he can, and whilst be lays his 
breast against the top of the mast, stretches out his arms as far 
ns he can, and draw's to him the wire, unhindered by friction of 
any kind, out of the water or through the air ; whilst the man 
below draws to him the wire thus gained, lays it round the 
insulator, mul holds it tight, to prevent its ididing back again. 
If the wire is now so tight in its stretch across the stream that 
the man above cannot pull it further in with his hands, lie (Ixes 
a vice to it as far out as possible, with flat teeth, and pulls in the 
wire as far as it will go without breaking. The proper measure 
is naturally the height of the ships which have to pass under 
with the highest high water, where a tide exists. If the wire 
lms now its proper stretch, the num below wraps the same 
several times round the insulator, nips the end which hangs 
over pretty long off, and makes the connection to the general 
line. 

The most remarkable mnsts hitherto constructed for tele- 
graph purposes ave those at each side of the Hudson river, by 
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means of winch a wire, nearly a mile in length, 1ms been ex- 
tended from New York to the New Jersey shore. The masts 
are 300 feet high, and are stated to have cost 10,01)0 dollars 
= j^ 2,083. No detailed description of these masts has been 
published. 

At pages 48 anil 64 are noticed the instances of great spans 
of wire which are observed in the city lines in Paris, and in 
those over Mont Cenis and between Arquatn to Genoa. In all 
these instances the wire employed is No 8, best charcoal iron, 
galvanised. 

With reference to the length of span in telegraphic construction, 
the following table will be found to afford useful information : — 


particulars of no, of feet per 

LENGTH PER CWT, OF WIRE, 
GALVANISED. 
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Foi these details we aie indebted to Messis Tuppci and 
Can, Mansion-house-place, London 


GALVANI7ATI0N OK IRON* 

The n on is fh st pi epaied to l eccivc tlio layei of /me to he united 
to it This is done in the follow mg nmnnci — The non is placed 
foi five oi six minutes m a lmxtmo of one pait mmmtic and to 
six of watu It is then taken out and dued m a furnace, heated 
to a dull icd When the non 1ms attained this hint it is agam 
taken out and allowed to diy in the an The scales of oxvdi me 
iemo\cd by pcicussiou Any black ispots which lennim on the 
smfnce aie scpaiatodby allowing the non to l imam ten m twelve 
houis m watei , slightly acidulated with some fenuented bum 
w Inch hns been steeped m the Hiiul foi eight oi ten days The 
rods me next agitated m watei containing a few hundiedtli parts 
of sulplnuic acid, This done they aie finally placed m watei, 
and nibbed with sand and tow, aftei winch they nm\ he kept in 
watei foi use llefoio nnnieismg the non m the /me hath it is 
neeessuiy to div it Mcssis Moicwood and Uogcis pioposc 
effecting this m an atmospheie of \apom, horn which the an is 
excluded as completely as possible Tins they accomplish by 
heating the m tides m an non case, the bottom of wbuli is 
coveicd about tlnce inches deep with sal ammoniac 'Hie 
vapom of the salt duvos out the iiu. The tcmpeiatme must 
he giadually iaised> since the object ir mciely to fill tlie case 
with the vnpoui of sal ammoniac To coat the non with /me 
it is simply i mm ei seil m a /me hath, aftei having been picpaied 
as above 

The piocesB of thus covcimg ccitain metals with /me was vmll 
dcscubod by Maloiun 111 1712 ( Memoires Annexti a I'Uistoire 
da V Academic Royak des Sciences, 1742, p 1 10)* 

The zinc employed should bo quite piuo , and if eiutbon 
vessels be used foi the bath, they should be enclosed m non 
oi cast metal casmgs, and the intci vals between the two filled 
with fine sand oi lead 

If metal baths aie used, an alloy of non and /me is foinicd* 
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which perforates the metal in a few days and renders the bath 
useless. 

The baths arc heated with coho or coal i and the zinc is pre- 
served from oxidation by covering it with a layer of sal amnio- 
nine, rosin, or carbonate of soda. The time of leaving the iron 
in the bath is short j bijt it can only be learned by practice. As 
soon ns it is thought thnt the galvanization is effected, the object 
is withdrawn from the bath and thrown into water in order that 
the sudden change of temperature may remove any excess of 
zinc. Any prominences are removed with a blunt imp, and 
the metal is then rubbed with pumice stone or sand. 

Finally, the process is completed by rubbing the mivlheex with 
moistened sand, and then with a rag moistened with a solution 
of sal ammoniac. 

The process of zincing is much facilitated by previously giving 
the iron a coating of tin. To effect this the iron, cleaned and 
brightened as above described, is immersed in n week solution of 
chloride of tin, two quarts concentrated solution to 120 gallons 
of water, in a wooden tank. This quantity is enough for one ton 
of sheet iron. The chloride of tin is prepared by dissolving 
granulated tiu in muriatic acid. Over every layer of iron is 
placed a layer of granulated zinc, on this move iron, then u 
second layer of zinc, and so on. In about two hours tiu* iron will 
be found coated with an adherent layer of metallic tin deposited 
by yoltaic action. 


PREPARATION OF SUNDRY ARTICLER lURUmtttl) ON 
TELEGRAPH LINES. 

Nitric Acid , 

Where sulphuric acid can he procured, nitric acid is easily 
prepared by distillation from iron, earthenware, or glass retorts, 
by beating together equal parts, by weight, of good saltpetre 
and ordinary sulphuric acid, and condensing the vapours in glass 
or earthenware vessels. 

If sulphuric acid he not obtainable, alum (native name, 
Phitbari) can be procured in nearly every bazaar. 2 parts of 
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alum to 1 saltpetre, by weight, heated to dull redness in an iron 
or earthenware tubular retort, give off abundant vapours of nitric 
acid, which can be condensed in the same manner as when sul- 
phuric acid is employed. 

A smart native blacksmith will be found able to weld up 
sheet dron into tubular retorts for tins purpose* The bazaar 
potters readily adjust the common earthenware vessels of the 
country, so as to enable any person of common smartness to 
make the acid for himself* 

Muriatic acid is prepared in the same manner, only substi- 
tuting common salt for the saltpetre, and receiving the vapours 
in a vessel half filled with water. 

For the purposes for which these acids are employed in 
telegraph offices, purity or uniformity of strength are of no 
importance. 


Sulphate of Copper. 

If sulphuric acid he available, this suit is easily prepared by 
heating pieces of copper to redness under a current of air, so as 
to cause scales of oxide to form. These scales are a mixture of 
metallic copper and the black oxide. This is dissolved by warm 
dilute sulphuric acid, 1 part acid, 3 water, and forms a blue solu- 
tion. This, evaporated till n skin forms on tho surface, gives 
fine crystals of sulphate of copper. 

This salt (Neel 'Dilya, Bengal) is also made without the use 
of acids, in the following muniier : — 

Take pieces of sheet copper and heat these to low redness, 
In this state rub them with sticks of sulphur. A black com- 
pound, the sulphuret of copper, is formed, containing Id sul- 
phur to 32 copper in every *IH parts. 

When cool, rub this in a stone mortar, or on a curry-stone, 
with half its bulk of clean sand $ place the mixture on common 
earthen saucers (Sanuck, Bengal), and beat gently over a char- 
coal fire, the air playing on the surface. When the colour 
changes from black to grey, remove from the fire and allow the 
mixture to cool* , If it he now washed with warm water, the 
solution will yield abundant crystals of sulphate of copper. One 
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roasting not remove all the copper, and the mixture, after 

washing witl^ water, may be heated and hashed three or four 
times in succession, till the washings cease to yield the copper 
salt, 


Fused Chloride qf Silver. 

Dissolve common rupee silver in its own weight of nitric acid, 
mixed with nn ccpial hulk of rain water, The black powder re- 
maining after the solutionis gold, and should he colluded. The 
native goldsmiths will refine and melt it. Every 32 rupees 
contain abo ut a rupee’s worth of gold. 

To the solution, diluted with four times its bulk of water, add 
n strong solution of common salt, ns long ns a white, curdy, 
solid matter- is formed. If this be done in a large stoppered 
bottle, and then he well shaken, the solid parts coagulate toge- 
ther, and the liquid may he poured off and thrown away. Water 
should he added, and several washings performed, till the liquor 
comes off colourless and tasteless. The curdy mutter is then 
placed on a smooth dry tile, in a mass half-tm-inch thick ; the 
tile absorbs the moisture, and the drying may ho completed on 
a plate placed over a saucepan of boiling water. 

This chloride of silver, heated to low redness in n platinum or 
silver cup, melts like wax, nnd can he cast into tablets, the sin- 
gular electrical properties of which have been described in this 
Manual at page 14. 


The Chloride of Zina 

is best made hy dissolving pieces of zinc in dilute muriatic acid, 
and evaporating the solution to dryness, The chloride is of a 
pasty naturoj readily attracts moisture from the air, nnd is to he 
kept in well -stoppered bottles. 

This chloi-icle of zinc, dissolved in the smallest possible quan- 
tity ot wntei*. is used in (ho soldering of copper wire joints, in 
the manner described at page (34, 

Carbon Cylinders for Batteries. 

Good coke is reduced to coarse powder, nnd nmde into a 
Uuek paste witlt a stv011 g solution of sugar. This is rammed 
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into an iron mould, 6 inches long* H inches square, by blows 
°f n-ti \ Vim vfttnmer, and the ends of the mould arc closed with 
fine clay or bone-ash, mul the whole heated to a white heat in a 
^ or f?c. On cooling, the carbon is found in hard prisms, which 
i-ing lilco metal when struck by n hard body* In this state this 
sul» stance is used for the tiunacn batteries, described at page 1 th 


I3Xl*riitlMENT8 IN PIGKIJNO OF TlMJIKtt IN A11R13NIO, HY 
Mil* n* L. nuUNTOK. 

With reference to the instructions nl pages Nf> and Hfi, on the 
picltling of timber used as protectors in the subterranean lines, 
the following experiments, kindly made by Mr. Ihunlou, at the 
writer’s request, are deserving of attentive consideration ; — 

Experiments with three pieces of deal, each measuring 1 inch 
by 2,^ inches by 13 inches, and numbered 1, 2, timl3, Those 
pieces were cut from an ordinary deal board, which had been 
for noine time exposed ( to tlm weather* 

desiccation,’— Nos. 2 and 3 were placed near a steam-boiler 
for fifteen hours j a thermometer in the same position indi- 
cated from 120 dog, to 130 deg, Fall., mul tlm desiccation was 
aided by a constant current of dry air. These pieces lost by 
drying ns follows: — No* 2, 12.3 per cent , 3 No. 3, 12, (i per 
cent* It is probable the difference of 0.3 percent, in the loss of 
moisture arose from the pieces not being equally dry or wet 
previous to desiccation, rather than from any variation in the 
process. 

J?mncrsion,‘ — A bath was prepared by boiling an excess of 
uvsimious acid in distilled water, and when the solution hail 
cooled down to about 90 deg. Fab., Nos. 1 , 2 , and 3 were 
placed in it, Nos. 2 and 3 being warm from the drying process. 
In this bath Nos, 1 and 2 remained for twenty- four hours, 
No. 3 for forty-four hours. 

Results,— No, 1 having been immersed without any artificial 
desiccation, only absorbed about 13.7^ per cent, of the arsenical 
solution, being about 1 G grains of ummioiiR acid to Urn lineal 
foot of wood. A strip from the exterior of No* 1 gave a copious 
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precipitate of solution of arsenic when tested in an acid solution 
of sulphuretted hydrogen, Strips from the interior of No. I 
gave no trace whatever of having been reached by the solution. 

No. 2 during its immersion had absorbed 33,57 per cent, of 
the solution, being by calculation about 50 grains of the arsenic 
to the foot of wood. 

No, 3, although immersed for twenty hours longer than 
No. 2, had only taken up about A per cent, additional of 
solution, 

Pieces from the exterior of Nos, 2 and 3 gave most abundant 
precipitates of sulphuret of arsenic, and small strips from portions 
of the wood, at the greatest distance from the outside, gave the 
most decided evidence of having been reached by the arsenical 
solution. 


PRECAUTIONS TO BE ADOPTED PREVIOUS TO AND DURING 

hurricanes. 

In the introductory remarks in the first page wo adverted to 
the measures of precaution to bo adopted during the violent 
gales by which India is frequently visited. 

An instance is given at page 57, of the occurrence of one of 
these disastrous hurricanes, pn the Mth of May, 1852. On tho 
23rd and 24th of October the previous year a similar, hut less 
destructive, storm took place. Each office being provided with 
a barometer, the fluctuations of which are noted four times 
daily, the approaching storm was in both these instances fore- 
told by a remarkable fall in the mercurial column. Orders were 
forthwith telegraphed to each of the out-stations to entertain 
extra men to patrol tho lines, chiefly in the vicinity of the vil- 
lages, and each man was provided with a few feet of copper 
wire, pincers, a hammer and flic, in order to establish a tempo- 
rary junction in case of any accident to the line. The best men 
to he employed under such circumstances are the native gramios 
(thatchcrs and bamboo workers), who arc generally bold, hard- 
working fellows, not easily driven from their duty by rough 
weather. Double the usual day’s pay may be given fairly on 
such occasions. 
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During the lnirricnne of tlic 23rd and 24th October all hands 
remained on duty day and night, and bulletins of the state of 
the shipping at the out-stations were posted every ton minutes. 
No interruption whatever occurred, In the storm of the 14th 
of May the central station-house at Dish tap ore was blown down 
at midnight ; but the boys on duty, with the aid of the native 
tlmtehcrs, got up a temporary shelter. The broken wires were 
joined, and signalling was resumed in less than half an hour. 

Assuming that all the arrangements, so minutely prescribed 
ns safe-guards against lightning, have been faithfully carried 
out, the occurrence of thunder-storms must never be allowed to 
interrupt the current duties of the oiliccs. The signaller on 
duty, like a soldier on guard, or a seaman on his watch, must 
take his place at his instrument as usual. After a little expe- 
rience he acquires the habit of observing, without alarm, the 
effects of lightning on the apparatus ho is using \ lie soon appre- 
ciates the perfect protection afforded by the precautions em- 
ployed, and business thus proceeds without interruption during 
the most violent commotions of the atmosphere. 

Were a different system permitted — were the signallers al- 
lowed to leave their instruments during thunder-storms, or the 
occurrence of bad weather of any kind admitted as an excuse 
for cessation of correspondence — it would he > found totally im- 
practicable to maintain regular communications on tlie Indian 
lines during several months in each year. 

Storms are often confined to narrow' circles, and travel in very 
eccentric paths. It frequently happens that a heavy thunder 
storm with copious rain visits IhuTuekpovc, and is scarcely felt at 
Calcutta, hut fourteen miles distant. In March, lHf>2, ti re- 
markable instance of this kind took place in Calcutta, While 
the whole European community were enjoying their evening 
drive and promenade by the river side, a furious squall hurst 
upon them from the south-w'ost. Several large ships were blown 
on their Imam ends or turn from their moorings. Great loss of 
life occurred ; trees were tom up and carriages upset on the 
course. In the midst of this turmoil (the doors and w indows of 
the Calcutta station were blown to pieces) the telegraph there 
reported quietly, i( serene weather at Moyaporo — sultrv and 
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overcast at Diamond Harbour, and the Rattler steamer p 
Kedgeree with a fair breeze from the south, and all sail 
The distances of these stations from Calcutta arc respe- 
14, 30, and 60 miles in a straight line. 

On the completion of the long lines it may be fairly as 
that these will ho visited by storms, in some locality or 
every hour of the day, from March to October. Accoit 
too much importance can scarcely he attached to the i 
maintenance of office duties during such local visitations, 
only means of preventing the interruption of corrcspondc 
the whole system, 


CHARGES FOR DESPATCHES. 

English, 

For all distances under 100 miles. 20 words, including address ai 
nature, 2s. Ort, ; over 100 miles, 20 words, 6s. $ half tlio above ra 
10 words over, or a charge of 3d. por word at option of sender, Mi 
sent from stations on foot, 6d first half mile, and 6d, por mile add 
By cab or horse, 1 b. first half mile, and Is. per mile additional. 

“The public aro iuformed that, in order to provide ngaiust mist, 
the transmission of messages by the electric telegraph, ovory mca 
consequence ought to ho lUcncAfjm by being sent back from the sta 
which it is to bo received to the station from which it is original! 
Half the usual price for transmission will ho charged for repeat! 
message.*' — Official Printed Forms , received from Telegraph Co 
August, 1862. 

South Eastern Lines * 

Charges aa above, with same stipulation as to repetition} and oo 
declare themselves not responsible for mistakes in the translator 
a message, even if repeated, nor for delay in tr/mamieaion or doliv 
for non-transmission or non-delivery of any message, whether vopoi 
un rope a ted. — Official Printed Forms, August, 1862, 

While these pages are pnssing through tlio press, the 
spcctus has appeared of a new company, designated the I 
Kingdom Electric Telegraph Company, who intend, in the 
they propose to construct, to charge hut one penny per 
irrespective of distance, They also promiso to let out wiv 
hire for the exclusive use of firms or individuals, at a ; 
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<£2 to per mile* The lines of this company are to 
rgrouml* 


American Tariffs. 


IrVom 

T» 

1 Mil IlH'Oi 

Wuiih 

U'nrtfo. 

rV York, . 

...Pittsburgh,.....,. 

M ltd. 

400 

10 

Util, u. 

O 00 

* a, 

« a o 

iV York, . 

, ..Cincinnati 

7ao 

10 

0 70 

sa T 0 1$ 

.v York, . 

... Boston 

210 

10 

0 20 

«* 0 10 

i« i ♦ 

• ..Buffalo 

5j0 

10 

0 43 

S» 1 9$ 

u * ■ 

...Boston 


10 

o n 

t= 0 JO 

H p. 

. ..Baltimore 


10 

0 Ai> 

~ 2 l 

»> ► > 

... Buffalo. 1 

600 

10 

0 40 

" l 8 

M ■ * 

. Halifax, N.S 

),o()0 

10 

J 65 

^ o m 

11 ‘ » 

.... Montreal, Canada. 


10 

0 HO 


>1 • » 

.. ,,New Orleans 

1,0 OG 

10 

a 40 

« 10 0 

H ■ * 

Quebec 


10 

i io 

« 4 7 


il averngo charge in Unitorl Stales, 20 words, 000 miles, 1 dollar — = 
3 2 rupees. Address ia sent free, 

'Kim — Hoports «f Congress from Washington to Nnw York, 
-=* 2^1 , per word, for each of ihvit , f ll)0 wokIh ; ono-thinl lean for 
i over 5U0 and under 1,000, mid two- thirds reduction for Jill words 
M) to any number. 

fork to Boston, Press Charges, ,JU. per word. 


French Tar if, 1H/W. 
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n 

s 

IO 

Hit! anew 

1 to 

at tu 
,*u 

:il to 

•to 

41 to 
Dt> 

61 to 
lit 

HI to 
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VI to' 
HO 

Hi to 
no 

01 to 

too 


Milo. 

KIL* 

rriHKM. 

(Verne. 

fianCi 

frftlICA, 

front a 

Iron rs 

fronci. 

fiMlr.i, 

lYrtluA 

k a, 

, . 

03 

147 

4 80 

0 nu 

7 20 

H 40 

0 no 

10 80 

12 OU 

Ill 20 

14 40 

4 (1 

ns. 
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G 30 

7 9fi 

9 01 

11 13 

la 72 

14 31 

m no 

17 49 

10 0B 

0 3 


230 

37 ft 

7 61*1 

9 46 1 

11 31 

13 23 

15 la 

J7 01 

IB 90 

20 7u| 

22 08 

0 3 

f 

-I 

■nvi 

HUB 

0 12 

11 40j 

13 OH 

Ift 90 

[8 24 

20 r>2 

n no 

20 OH 

27 1UJ 
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* One kilometre is fitlis of tui Knglish mile* 
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PAY, PENSIONS, &C., OF CLERKS ANJ) MESSENGERS. 

In England. 


OLD ELECTRIC TELEGRAPH COMPANY, 


In Ifaglntul. 

Weekly ml ary. 

£ a. 

MonlWjr cquiva 
lent hi 
my 

J st Closa ...... 

, 2 0 

.... 80 

2nd a . 

1 16 

.... 76 

2 ad b 

, 1 10 

.... 06 

3rd 

, 16 

.... 66 

4th Assistant Clerks , . 

10 

.... 48 

6th Junior ditto . . . , 

, 0 17 

, . . . 8G 

6th 

0 14 

.... 30 

7th 

0 12 

. . . . 2G 

8th 

, 0 10 

.... 22 

8th ....... 

. 0 8 . ♦ 

. . . , If 


Messengers' wngos, 6s. to 18a weekly* Pensions none* 


French Offices, 

No 011 c is employed under 20 years of age, Assistants arc of 
4 classes, 

Anntlnl wlwj 


1st Class £8G GO 

2nd 48 40 

3rd „ GO r>0 

4th 72 GO 


With pensions of one-sixth the salary after .SO years 3 service, and 
one thirtieth for every additional year. No assistant is per- 
mitted to hold any other employment* 

Each signaller is on duty half of each day. Two arc allowed 
for each telegraph, No alarms ever allowed. Offices open from 
7 a.m. to 9 p.m, No night-work except by special order of 
Government. 

American Offices, 

Each office on an average employs four young men as clerks 
and signallers) in places of small note, one or two signallers 
only. The highest salary is 100 to 1200 dollars* say 20U0 to 
2400 rupees a year = 200 rupees per month, The messenger 
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boys, who earn from one penny to sixpence for each message 
they deliver, gradually acquire proficiency as signallers, and re- 
ceive regular and higher wages as they become useful and trust- 
worthy. 


LAWS AFFECTING THE USE OF THE ELECTRIC TELEGRAPH 
IN ENGLAND, AMERICA* AND FRANCE. 

The construction and use of the electric telegraph having 
fallen in England into the hands of private speculators, llic 
Government merely retain the power of ordering all message* 
on her Majesty’s service to take precedence of all other com- 
munications; and in times of civil commotion, or other public 
emergency, the Secretary of State can take exclusive posses si on 
of all lines aud offices for the sole use of Government. 

In case of wilful damage to their lines or offices, the com- 
panies have the ordinary remedy of indictment for misdemeanor. 
In accidental damage any magistrate has the summary power of 
assessing its value, and seizing the defendant’s goods for the 
amount.—!)//* Viet cap . xliv. 

Penalties are inflicted for undue preference shown in llus 
transmission of despatches, For neglect of duty on tho part of 
signallers, a flue is inflicted of *£20 for each offence. Thu law 
interferes little with reference to the maintenance of aomjwy, 
or prevention of illicit traffic in intelligence. The proprietors 
of the lines are allowed to deal with such irregularities as they 
best can, by fines and by dismissal from their employment, 

In America, several of the States have passed stringent nets 
regulating telegraphic correspondence, although the line* nvo 
private property. The law of Pennsylvania subjects all persons 
employed in telegraph offices, who may be convicted of violation 
of seeresy, or " in anywise impairing the value of any corre- 
spondence sent/ 1 to a fine of not less than 100 dollars (200 
rupees), or imprisonment for six months, or both, according to 
the circumstances and aggravation of the offence. 

For the protection and regulation of tho telegraph in France, 
several laws have been passed by the Republican aud Im- 
perial Governments, We give a sufficient prdm of these on* 
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ecttncuts, as published oihcnlh b\ the Tclegiaph A tl id mi stud ion 
m Pans 

The National Assembly of Fiance, on the «htl July, 18th 
and 20th November 1850, adopted the lollowmg Inn — 

1. All pci sons whose identity is established me aliened to 
concspond by the Government Electnc Tclegiaph, and by the 
agency of the tunotionaiies iinphncd m the depul tincnt 

2 Pnvate comspoudcnoo is alw 13 s subouhnatc to the neces- 
sities of Government seivioe 

d Despatches, legibly mitten, in auhnmy and intelligible 
language, dated and signed by the sendus, me, by them 01 
then lepicsentalives, given to the dnectoi of the tolcgiaph, and 
copied m full, with the addiess of the sendei. This copy is 
authenticate d and hied m the office 

Aitnlcs foi ncwspapeis and despatches on Midway business 
me exempt fiom the co]»ying rule* 

d The dmetoi of the ttlcgiaph may, 011 giounds of public 
oidei and nun ality, lefuse to tiansnut a despatch In ease of 
dispute, lotcicneo is to bo made in Pans to the Mmistoi ot the 
Intel 101 , m tin pun luces, to the Piefcct, Sub~Pi elect, 01 othei 
constituted autbcnity* 

On icceipt of a despatch* tlu telegiapb agent may withhold 
it undei lil« niemmtanees and 1 tiles 

4 Pnvate couespondencc may be suspended by mdei of 
Govei 11m cut 

5 Any pnblu functional y violating the seeiesy of eouc- 
spondenee is liable to the penalties piesenbeil in Ait 187 of 
the Penal Code, vi/ , impusoument fiom tlnee months to five 
vems, fine of 100 to fiOO hanes, and total exelusum fiom public 

SC1Y10G. 

G The State moms no icsponsihility wlmtevei for puvatc 
despatches 

7 Telegiaplne despatches piepay a duty as follows — 

Pm 1 to 20 wmds, d fumes, besides 12 centimes foi eveiy 
niynameti c 

Above 20 wauls the tax is mci eased onc-fomth foi eveiy ten 
words, 01 fiaetton of ten wonls m excess The addiess, date, 
and signatiuo aic counted, Figmea aie valued as if spelled m 

1 
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full. Every fraction of a my via metre counts as one myriametrc. 
Night despatches, when transmitted, are charged one-lmlf higher 
rates. 

Subscriptions, at reduced rates, may he conceded for railway 
business. 

By paying double rates individuals may have their messages 
repeated. 

9, Besides the rates specified, there is a charge of 50 centimes 
(5d.) for each message delivered in the country towns, and 
1 franc (10d.) in Paris. 

10. Despatches are transmitted in the order of their inscrip- 
tion. 

If the despatch exceeds 100 words, it may be kept back, and' 
priority given to shorter messages, although of later inscription. 

Despatches affecting the safety of passengers by railway trains 
in all eases take precedence of every other business. 

A Decree regulating the service of private correspondence 
by electric telegraph, dated 17th June, 1852, by the President 
of the French Republic, establishes ns follows : — 

1. The offices to be open daily at the hours fixed by the 
Minister of the Interior. The hours arc posted at the office 
doors. The time of every office is that of the Observatory of 
Paris, 

2, Proof of identity is essential, or knowledge by the director 
of the signature to the despatch. Identity may be proved by 
witnesses, passports, or other written evidence j signatures may 
be proved by prefects, sub-prefects, magistrates, notaries, 
mayors, commissaries of police, &c. &c, 

3 to 7< Despatches must be written legibly in ordinary lan- 
guage, dated and signed, ami no abbreviation. If the director 
sees reason to refuse transmission, ho states tho reason in 
writing on the despatch, which is returned to tho person con- 
cerned. 

The time of the despatch and of its arrival at its destination 
are entered in the office register, 

8. If tho line is free, a despatch is instantly forwarded j if tho 
line be occupied, the message takes its turn. 

9, 10, 11, regard the order in which stations correspond 
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successively with each other, half an hour being allotted to each 
iu turn, 

12, No despatch onco lodged can he withdrawn, except by 
the same person who delivered it. No money is returned for a 
despatch so cancelled. 

13 to 20 inclusive, affect the local deliveries of despatches. 

20 to 24 determine the distances, the charges for compound 
words, family names, and addresses ; prepayment for different 
charges. 

26 orders that the sum paid for a despatch shall ho returned 
in case of undue delay in delivery through interruption of tho 
line, through mistakes by tho signallers, or by delivery being 
prohibited by the authorities nt tho distant station, 

26. The sender may pay for the answer, and make a deposit 
on this account of the charge for 20 words, 

27 to 33 regulate the mode of keeping the office books and 
accounts— of paying into the local treasuries all sums received 
up to tho 1st of each month* 

34 prescribes tho mode of adjusting account s with Foreign 
Governments. 

36, 36, and 37 subject the accounts of the telegraph depart- 
ment to the general financial authorities of the State. 

By aDjscuEE of the 27th December, 1361, by tho President 
of the Republic, on tho report of the Minister of the Interior 1 — 

Art. 1, orders that no lino of electric telegraph can bo esta- 
blished or employed for the transmission of correspondence 
except by the Government, or on its authority, 

Any person transmitting, without authority, signals from one 
place to another, whether by electric telegraph or any other 
way, is liable to imprisonment from a month to a year, and a 
fine of from 1,000 to 10,000 francs \ and the Government may 
order the destruction of the apparatus and telegraphs employed. 

2, Any one accidentally or involuntarily interrupting the cor- 
respondence of tho electric telegraph, or injuring in any way 
the lines or apparatus, is liable to a fine of from 16 to 300 francs, 

3, Any one wilfully causing such interruption, by injuring 
tho lines or apparatus, is punishable by imprisonment from 
three months to two years, and a fine of 100 to 1,000 francs, 

1 2 
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4. A fine of 1,000 to 5,000 francs may be inflicted on per- 
sons convicted of injury to telegraph lines or instruments, or 
forcible intrusion into offices, or of using violence or menaces 
to signallers, or interfering with repairs of lines, during periods 
of insurrectionary movements, 

6, 7, and 8 regulate the obligations of railway officers respect- 
ing the telegraph lilies, 

9 gives power to remove trees or other impediments to con- 
struction or working of lines. 

10 to 14, Written statements by telegraph officers, authen- 
ticated by police or magisterial authorities, to be received an 
evidence in all complaints ; also rules are given for civil proceed- 
ings in all cases of crimes, contraventions, and recovery of 
damages, 

Lastly . It is ordered, by a subsequent decree, that all tele- 
graphic despatches, duly authenticated, are to be regarded as 
official and authoritative, and to have all the force and effect of 
public documents, signed by the functionaries at the distant 
station from whom the telegraph despatch proceeds, 
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APPENDIX No 1 

STATISTICS OV SCREW PILE MANUFACTURE FOR 'I HE I AST 
INDIA COMPANY, 

The quantity rcqmicrt is 15,2%, loan as pci drawing* page 3R, 
weight, /6 lbs each, price six shillings Conti acted foi by 
Hansomes and &nmns, Ipswich, to be executed m lime 
months 

About two months weic occupied m expci iments as to the best 
method of picpmmg patterns and pioduemg tlio castings accmutc 
and umfoim, thus leaung about twenty-eight weeks foi the exe- 
cution of the conti act, winch would lequue then production at the 
late of about 1,700 swews, 56 tons, weekly The patterns aie 
made of non polished and bion/cd m the same mannci as gun bin - 
rels The stalk of the pile pattern is in hah cs, of which when the 
moulding box is puitcd, one half ioniums m the bottom mid the 
othci is taken up m the to}) pint The biiew puit ol the pattern 
is foimed m 4 pieces, and the octagon head m 2 pieces, thus the 
pattern is made to < onsist of 8 pieces, cm h of winch is sepaiatoly 
icmovcd, and a simple and ingenious conti ivance is adopted for 
withdi awing those pails of the pattern foimmg the screw, by 
which, with a slight nrqimcmont of sleight, they aio wonned out 
of the saud without bi caking the ctlgcs 
The boxes me specially adapted to the foi m of the castings 
These tue put togethei with turned pms m the lowoj liox, fitting 
into holes boicd m the uppoi one, all to one gunge, so that eueli 
shall accurately tit cveiy other. 

To foim the coies oi hollow part of the pile, boxes with the 
exact foim of the mtcnor of the pile giooved m thorn aie lifted 
with sand lightly itunmed* aud piovision is mado in them ioi 
leaving ft fice passage foi the lapnl expansion of the an when 
heated by tlie melted metal smiouudnig it, 

If these passages should be itnpeifeit so that the an dal not 
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escape with sufficient vapidity, it would attempt to force its way 
through the liquid metal, and the casting would be imperfect 
and hollow. 

The plant required to make this quantity in the time stated 
is 72 moulding boxes, 10 core boxes, 18 patterns, 4 trimming 
benches, each accommodating 3 trimmers. 

The staff requisite : 36 moulders and assistants, 1 facing sand 
maker, 13 core makers, 12 trimmers, 3 ladle carriers for melted 
hietal, 2 wheelers, 3 packers, 3 labourers to wait on the above. 


APPENDIX No. 2. 


LIST OF STORES FOR ONE MILE OF OVERGROUND LINE. 

I lid I nil Mound# 
of bO IK 

Iron Rod— weight per mile, 10 cwL, in 4 pieces . . 14 

Screw Piles — 10, at 75 lbs* , . , 16 

Zinc for 4 joints 8 lbs. 

Caps, galvanised iron * . . 1G 

Oak Brackets 16 

Stoneware Insulators, in sets 82 

Cap Screws 

Insulator Hooka and Nuts, iron ..... 82 

Spare iron llod for Lightning Conductors, 

16 X 30 480 foot. 

Rosin for Cement 1G Hjb. 

Sand, washed and dried 48 lbs, 

16 Posts of Teak, Saul, or Iron wood, 20 to 24 foot long. 

1G Bamboos, each 24 feet, 


LIST OF IMPLEMENTS REQUIRED FOR EACH WORKING 
PARTY FOR OVERGROUND LINE. 


1 Moveable Straining Post, with Screw Pilo 
(see p, 43). 

1 Straightening Machine . . , (boo p, 31) £J8 


2 Urariug Screws , 

2 Spanners and Nuts for ditto 
6 Wrenches for Screwing Nuts 
6 ditto for making Ryes . . 

1 Chain Holdfast 

8 Ingot Moulds 

6 pair largo Pliers .... 

6 pair small ditto 

6 olgliMnch Ladles .... 

6- four-inch ditto 


U H 67) 


(bco p, 32) 
(see p. 82) 



JC87 10 6 

Weight in case, 89G ibs; measurement, .57 cubic feet. 
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Besiks these, each party will be piovideil uith ordinal y cur- 
enteia’ 4Ulc ^ blacksmiths’ tools, and gutta-peicha tool chest 


AItI 3 CN F l LRS* AND GENERAL TOOTS RLQUIRED l?OR EACH 
WORKING PARI \ t OR OVt ROROUND M ORK, 


4 Spiulcw (Koclfilies) 

4 pick axes 
4 Faith Uummois 

1 Munsmmg Pupa Iano or 

Chain, of 100 iuR, 

2 lIinnnwH 

1 Pulley Block 

2 Ad/cs 

6 Cold Chisels 
2 1 1 nu d saws 


1 Ci oss cut 

2 Blancs 

3 Au 15 m ^ 111 , £ 111 , f m 
I do/ in large Gimlets 

1 pair Pincers 
6 Plough lions ft, i* ^ m 

1 Tavo loot hide 

2 luionSawa 10-in , 18-m 
$ m and thin, Round Planes 


CONTENTS OF TOOL CHEST FOR GUTTA-PERCHA JOINTS. 

Blow-pipe, complete, with Stand, Spirit Lamp, and Joining Toola 
Furnace, u itH Spirit Lamp 

Guttu porcha Bottle for Chloride of Zinc , Funnel for filling La my 

Tin Bottle containing 1 quart of Wood Naphtha 

X lb 'I liln Coppor YVlro, on Spool i lb Solder 

3 1b Thick Sheet Gul ta porcha i lb Thin ditto 

frm all Ilammer 2 Knives File 

2 pans Pliers 1 cutting, 1 flat isoso 1 pair Scissors 

ISmory Pnpoi and Ball ot Cotton 

Mahogany Chest, complete, with handles, lock, and key 

Weight, 601b , puce, £M 10s , fiom Gutta-perclm Woilt*, 
City W lmli-ioad, London 


APPENDIX No 3 

TIL E.TQS FOlt TIIL MANAGEMENT OF THE ELECTRIC T II 1,15- 
ORAPII, BKTW1 LN EALCIUTA, DIAMOND ITARDOUIl, AND 
KljjmiEHEL, CABBED QN HIE 18 tH OF DbGlrilJSLK, 1BG1, 

1. Until Anther ordois, the service shall bc> conducted hy the 
Supeuntoiulont, m ducct communication with the Government 
of J3pugul, 

2 The Telogmph btutions shall he open continuously , Any 
and might, tlnouglioul the y ciu, foi the ictcipt and tiunaima&ion. 
of < onespondeme, 
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<3. The officers, named on the margin, arc authorised to lmve 
Secretaries and Un- their messages on public service con- 
dor Secretaries to Go- veved, subject to pro formd charge at the 
S u per in toad on t of usual rates, taking precedence of all pri- 
lilarino and his Secrc- V ate eommmii cations Other public OIK- 
'/faster Attendant & cers, having mi'ssftf$ra on ]iublie servico 

his Aaaistants. to transmit, will apply to the Siiperin- 

Collector of Customs, — . 11 ' * 

Deputy Collector and tendentj or m emergent eases to one or 

Assistant. other of the Officers ubovo-immed. 

4. All ordinary shipping intelligence , is to he transmitted, in 
writing, hourly to the Superintendent of Marine and the Master 
Attendant, Important shipping intelligence is to be transmitted, 
immediately upon receipt, to the same Authorities, 

5. Printed Reports of intelligence are to be issued at 10 a.m„ 


Mem ben of Govern- 
ment, Secretaries to 
Government, Private 
Secretaries to the Go* 
vernor General and De- 
puty Governor of Den* 
gal. 

f Superintendent of 
Marine. 

! ' Master Attendant 
Register of Seamen, 
ioard of Revenue, 
f Collector of Cus- 
toms, 


1 p.m., 4 p.m,, and 7 p.iu. These will 
be forwarded to the offices of the Au- 
thorities named on the margin, and to all 
Firms and Individuals who are Subscri- 
bers. Arrivals after *1 p.m. are to be 
notified specially in writing, to the Agents 
of the Vessels, if Subscribers, without 
extra charge, and to be posted outside 
the office in a conspicuous place, 

G. Special notice of the arrival of any 


t Superintendent of 
lVvontivo 0 file era. 
Military Board, 
t Postman tar General 
The A u thnii ties mark- 
ed thus ( f ) will bo 
charged pro jhrm<\ } ns 
registered Subscribers. 

0 ilk: era not named in 
the above list, requiring 
on public service, par- 
ticular information on 
occasions, should inti- 
mate to the Superinlon- 
, dent the information 
they require, which will 
be specially fumt-hed 
to them, subject to pm 
fonnd charge at the 
usual rate, 


specified Vessel is to be sent immedi- 
ately to the residence or office of any 
person within Calcutta, requiring it, at a 
charge of four minus (Gd.) in the case of 
a Subscriber, and one rupee (2s.) in the 
case of any other person, 

7. In ease of any irregularity, delay, 
or interruption in the transmission of 
messages, or the delivery of Notices or r ' 
Reports, on public or private service, 
complaint should he made to the Super- 
intendent. 

8. Any Officer, Signaller, Clerk, or 
other person employed in the Telegraph 
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Stations, disclosing improperly the particulars or tenor of any 
message sent by Telegraph, whether on public or private service, 
shall be dismissed, forfeiting all arrears of salary ; and shall be 
declared disqualified from serving Government in any capacity. 

!), Messages will be transmitted at the following rates 

To any Station on tlie Diamond Harbour line, at four annas 
for each word of not more than two syllables, and one anna for 
each additional syllable* 

To any Station beyond the Ilooghly, on the Kedgeree line, 
eight annas for each word of not more than two syllables, and 
two annas for each additional syllable.* 

Messages will be delivered on board of Vessels at the River 
Stations, at a charge of eight annas for boat hire; and messages 
will be delivered to persons in Calcutta, without charge for peon 
hive to Subscribers, and at a charge for peon hire of four annas 
to other persons. Messages will be delivered, at moderate 
distances beyond Calcutta, to all persons, at the necessary 
extra clmrgo for Kamnchy hire, in addition to four annas for 
peon hire. 

10* Between sunset and sunrise the above charges will lm 
doubled, and the Superintendent will be allowed, at his discretion, 
to divide the receipts on account of such night messages amongst 
the Signallers who receive and transmit the communication. 

11. The transmission of messages gratuitously is prohibited on 
penalty of dismissal. 


1, Vesaals in dtotross. 

2 , Mail Steamers. 

U. Public Service. 

4, Private Survioo of 
SubAoribera, 
fi. Shipping Basilicas. 
It. Private Service of 
Individuals and tfirins, 
not Snbaoribera* 


\ 2 , Messages will have precedence in 
the order noted in the margin. 

lib Persona using the Telegraph are 
admitted iuto the outer room of the 
office ; but no persons, whether public 
Officers or private individuals, will be ad- 
mitted into tho inner rooms. Visitors 


can be allowed access to the Signal room only by the special 
order of the Superintendent. 

M,-— No record or copy is to be kept of the nature or contents 


* These high rates were assigned in ordnr to prevent an inconvcnjont 
pr'fisdiu-o of bunincw on tlio find opening of tho uIHcoh Tim r lunges on 
tho long linos will probably bo muluiilaUKl to tluaw in America. 
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of any despatch on private business, but * 
an entry will be made in the Station 
Journal in the form shown in the margin. 

16. — All fees are to be paid in cash ^ 
before Llic despatch of the message, All 
receipts on this account are to be carried 
to the credit of Government, and to be 
accounted for in Monthly Reports. \ 

16. — Subscribers* privileges are ob- 
tained by Firms and individuals, on pay- 
ment of a subscription of eight rupees a 
month. 

17. — The Superintendent is vested 

with the power of appointing and rc* 
moving all persons employed on the cs- j 

tnblishincnt. He may inflict fines for j 

neglect of duty, but should such fines 

amount in any month to more than one -fourth of the salary or 
wages of the persons punished, the case shall be especially re- 
ported for the orders of Government. 

ESTABLISHMENT. 

The Establishment, pending further orders, shall consist of a 
Superintendent, Assistants and Workmen, 

The Assistants are of four Classes. 

First Class-— Inspectors, 

Qualifications.*— A good English Education, 

A correct knowledge of Orthography, 

A perfect knowledge of the principles, construction, working, 
adjustment, protection and repairs of tho lines of con- 
ductors, and of all the instruments employed. 

Quickness and correctness in despatching and receiving 
Signals. 

Knowledge of Mavryatt's and Bedford’s Marino and River , 
Codes. 

Good character for sobriety, diligence, and activity, imd good'* 
habitual health, 


Message received from 
Messrs A. B , for trans- 
mission to Diamond 
Harbour (or other Sta- 
tion), 

Words of 

not more than 
two Syllables 
at 4 amins ... 000 
* -Addition- 

al Syllables ..000 

Boat lure * 0 0 0 

Reply -Words 

of not move 
tlmn two Syl- 
lables, at 4 
annas 0 0 0 

Addition- 
al Syllables ..000 

Peon hire 0 0 0 

Total charge, 

(Dato nnd Rumo of 

Signaller) 
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Salary* 100 rupees (,^IO) a month, with *10 rupees for travel- 
g expenses when employed out of Calcutta. 

Second Class — Readers, 

talifications . — A good English Education; correctness in 
Orthography; rapidity and precision in transmitting mid 
reading Signals by Spelling, and with needle Telegraphs. 
Knowledge of the adjustment of instruments* and of Marry alt’s 
and Bedford’s Codes. 

Salary* 55 rupees (£5 10s.) to 75 rupees (£7 10s.) a month. 

Third Class— Signaller*, 

Apprentices . 

lalifcations.—A good English Education; correctness in 
transmitting Signals, and proficiency in reading Signals. 
Salnry, 27-8-0 (£2 16s.) a month. 

Fourth Class — Probationers. 

lalijlcations . — A good English Education. A Guarantee from 
n guardian, or parent, of readiness to enter into apprentice- 
ship according to Act XIX. of 1850, 

Probationers receive no pay* but arc permitted to lcam the 
notice of signalling at such stations as may be convenient, for 11 
riod of 3 months, when they will be subjected to examination, 
d discharged if not found qualified for admission on tlio Ap- 
entice List. If employed at out* stations, or on temporary 
ity* they will receive pay at the rate of 1(> rupees (£\ 12s.) 
r month. 

By order of the Ilon'ble the Deputy Governor of Bengal, 

J. P. GRANT, 

Secretary to the Government of Benyal. 


APPENDIX No, 'J. 

JN6THUOTION 01' COMPOUND POSTS WITH IKON SOCKET 
JOINTS. 

It having been reported from India that much difficulty is 
perieneed in procuring, at u moderate cost* a large supply of 
m-wood spars of the length required, experiments have been 
sti luted on the premises of Messrs, Knnsomc and Simms, at 
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Ipswich, to determine the best mode of constructing compound 
posts from smaller pieces of timber* 

From these trials it is decisively proved that a perfect mode 
of accomplishing the object in view is afforded by the use of ft 
cast iron double socket joining piece, prepared and adjusted as 
follows 

The short spurs available— say 10 feet long— arc tapered lit 
each end by a machine, constructed for the purpose by Messrs* 
Ransomc and Simms, so that one end fits exactly in the screw 
pile (see page 38 ), while the upper end is inserted into the iron 
joining socket* 

This is of cast iron, 2 feet long, fifg inches diameter, 28 
pounds weight, of the best Staffordshire metal, annealed, Tlio 
form is that of a double cone or slightly hour-glass shape, the 
thickness of the metal increasing towards the middle line. The 
lower post; is covered 10 inches by this cap; and the upper post 
— say 8 to U) feet long— is inserted into the tipper nud reversed 
cone as a socket. 

In very numerous experiments with compound spars of this 
kind, a dynamometer being included in the breaking tackle, it 
was found that in every instance the straining power either 
broke the post close to the screw pile, or fractured tho pile 
itself 5 but iu no case was the iron socket injured or the uppor 
spar broken. When the strain was made on the very top of the 
compound post, this bent like a fishing-rod in ah even curve. 

These sockets cost two shillings each, and nn ample supply 
will he sent to India at once, Dy their use the abundant supply 
of short iron wood or teak can be made available, and bam- 
boos employed with great advantage as the upper spars, thus 
reducing the cost of the compound post below that of timber 
in single pieces of equal length, 


APPENDIX No. 5 . 

INJURIES TO THE CHAIN OAJILH I, INCH ACROSS TliTC 
UUhDBlE AND 1101)0 HUY 1UVJ*HIS. 

Since the article at page IK) 1ms been printed off, a (lomi- 
offlcinl report has been received of further injuries done to tho 
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1 1 

f and Hooghly i*ivt?r linos, protected by chain cables, 

system will accordingly be given up altogether, and cables, 
1 J1 " spared with the parallel iron rods mid rings, described at 
88, ]j C ^g^tuted for chains the next time an interrupt 
tl ° 1 ^ takes place, 


APPENDIX No, G. 

SUCCESSFUL LAYING OF TIIE SUBMARINE TELEGRAPH 
CABLE BETWEEN DOVER AND OSTENU, 

"^'his important undertaking 1ms just been completed with cn- 
success, Through the extreme kindness of Sir James Car- , 
llJL1 c*hjud t the writer has had the ndvantngo of witnessing the 
olo operation, and is permitted to insert the annexed brief 
nnvi'fttive of its successive stages. 

x J-'ho cable, nmimfactuved by Messrs, Nowall and Go. (Fig, 67> 
pcif/e 04), consists of six gutta-percha covered wives : five of 
^<>* 2 gauge, one of No, 4 ditto, These are served with a thick 
ctmting of hem]), spun -yarn, and tar, and enclosed in a spiral 
casing of twelve iron rods, J-inch diameter, gauge No, 1, not 
galvanized, hut well coated with Stockholm tar. The weight 
ptix 1 mile is— 

Tour. cwt, fps, lbs. 

Guttn-pereha coated copper wire . , . . 0 p \\ 21?} 

Jlcmp, yarn, and tm* 0 7 l IB 

Iron rods, No. \ 4 ♦ . /> 18 0 SJfi 

Total per mila Tons 0 Jf> 2 'I 

Tire length of the cable is 70 statute miles. Total weight, 
47<l tons, 7 cwt 2 qrs, • 

'I'lio cable lyns coiled, at Gateshead, cm board the “ William 
llult M iron screw steamer, atl the lower decks, stanchions, 
fH tings, &c,, having been removed, so that the cable was arranged 
in fclivoo great coils, fore and aft. One end passing over a roller, 
wriN led to and over an iron saddle, erected on a frame about 
twolve feel high, attached to the mainmast j from this saddle it 
pnseod downwards to a cast-iron vertical drum, 7 feet 8 inches 
df ft/Tr victor, round which it took three turns, and then proceeded 
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over the ship’s stern, between two vertical rollers placed suffi- 
ciently apart to allow of free lateral play to the cable as delivered. 

To the drum was attached a lever and friction break, by which 
its rotation could be checked or totally stopped; also ft set of 
measuring wheels, with a dial, to denote the length of enble ex- 
pended as the operation advanced, 

The turns of the cable in the ship’s hold were separately lushed 
together laterally by spunyarn, and each tier also attached by 
similar lashings to the one below. The whole arrangement thus 
formed, as it were, a solid mass, Hand-ropes, firmly secured to 
the cross-beams at intervals of a few feet, enabled the men to 
hold on firmly with the left hand, while with the right caeli yam 
lashing was cut in succession. The advantage of this prudent 
precaution was well proved in the rough weather which prevailed 
during a great part of the undertaking, 

The Cf William Hutt” arrived off Dover on the 2nd of May. - 
All being ready on the 3rd, the expedition started on the mom- 
' ing of the 4th, Captain Washington, R.N., on board the mail 
steamer " Vivid,” being in charge of the nautical arrangements j 
Mr. Newall directing the paying out of the cnblo from the 
"Hutt,” towed by the " Lord Warden” Dover steamer j ILM* 
reserve steamer "Lizard,” Captain Ricketts, It. N,> accompanying 
close alongside, At 4.45 a.m. commenced landing the cable end 
for the cave at the South Foreland, with eight boats, the ship 
being about 1,000 feet off the shore* This \yas completed, and 
the end made fast ashore, at G a,m. The " William Ilutt ” 
started under lier own steam, and towed by the "Lord Warden,” 
at 6.20 a.m. At 8.10 ji.m, thick fog set in) passed close to the 
South Sand floating light ship, and, further progress being im- 
practicable, the ships anchored at 1.45 p.m., 31 miles of cable 
having been given out. The fog cleared off towards evening, 
and the squadron started again at 7*55 p.m,, the ""Vivid” with 
a light piloting ahead, and the "Lizard” burning blue-lights 
and rockets. At 2,30 a.m, anchored again in 14 fathom s a with 
a stiff breeze from N.E., and heavy, confused sen. The ** Wil- 
liam Hutt ” now rolled violently, and her feed-pipes became bo 
choked that her own steam was no longer available, Started 
again, in very rough weather, at 7,40 a.m, of the 5th of May* 
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The u Lizard ** parted her chain cable and lost an anchor just 
as signal was made to weigh. At 9,40 the "Lizard” took the 
" William Ilittt ” in tow, and the ” Lord Warden cast off. At 
1 0.20 the " Lizard’s ” towing hawser snapped, but the telegraph 
si lip was secured almost instantly by the Dover tug. At 11,15 
a.m,, off Dunkirk, weather more boisterous. Anchored off Middle- 
kirk, five miles west of Qstend, in half a gale, at 1.30 p,m. 

The paying out of the cable was thus effected at the rate of 
miles per hour. No accident occurred on board, and not n 
single u kink ” or other casualty or derangement took place in 
the cable itself. 

At 11,60 a.m, on the Gth of May, the remaining cable was 
removed from the "Ilutt” on board a large Blaiikenburgli 
fishing smack, and attended by all the boats of thu squadron, A 
warp rope was sent ashore and secured, and the smack, by under- 
running the warp, hauled in through the heavy breakers, oil the 
beach. All was finished at 1 p.m, exactly ; the Belgian end of 
the cable carried in triumph to the Const Guard Houso, on the 
Sarnl Hill, and, the wires having been connected, messages were 
sent through the cable to Dover, Calais, and London at 2 p.m. 

The cable was then formally delivered over by Messrs. Newtili 
and Co,, amidst the congratulations and applause of nil present, 
to Sir James Carmichael aiul Mr. Brett, directors, and Messrs. 
Crnmpton and Wollaston, the engineers of the Submarine Tele- 
graph Company* 

On the 7th of May, Mr. Wollaston proceeded, in the writer’s 
presence, to test the insulation of the lines, and made numerous 
experiments of extreme interest on their telegraphic capabilities* 
To test the lines, a delicate vertical galvnnomctor was em- 
ployed (which, with one sarnl bnttery couplo, gave n deviation 
of 36,00), and n sand and acid battery of 72 couples, With 
this— 

Who No, 1 gavo deviation or loss of . . . 1,60 


2 1.60 

a i.60 

4 1.60 

6 1.60 

0 (centre wire) IB 


A single, needle telegraph having been applied nt each etui to 
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each wire in succession, the needles were moved distinctly hy 
the current from n single pair of plates ; three pairs gave de- 
cided beats, and with 12 plates signalling was curried on with 
case. 

The wires were now joined, so that the current passed six 
times to and fro in one length of 70 4- G =420 miles. Through 
this great distance, all submarine, the signals passed s trough 
from 48 plates. The Calais submarine line was now uihhy 
without impairing the result. \ 

These experiments demonstrated the perfect practicability of 
telegnmhing through a submarine eablc f)00 miles in length, 
and left no doubt on the minds of the observers of double that 
distance being as completely within the range of very moderate 
electric power. 

To conclude, no operation on any scale could have been per- 
formed in a more masterly or thoroughly successful manner. 
We have only to add our warm wishes that the enterprising 
company to whom England and Europe arc indebted for so 
great a benefit may reap a full measure of reward in the profit- 
able working of the line thus auspiciously opened, 


THE END, 


ion non: 

TAILOR, PRINTER, 0, OK Al STOKE HACK, ELTTEn LANS. 




